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BI-SPECIFIC ANTIGEN-BINDING COMPOSITIONS AND RELATED 
METHODS 

This application claims priority of U.S. Serial No. 
60/374,930, filed April 23, 2002, the contents of which 
are incorporated herein by reference. 

Throughout this application, variQus references are 
cited. Disclosure of these references in their entirety 
is hereby incorporated by reference into this application 
to more fully describe the state of the art to which this 
invention pertains. 

Background of the Invention 

Defective immunity is responsible for tumor development 
in cancer patients. In order to use a patient's own 
immune system to fight cancer, a number of cell-based 
adoptive immunotherapy approaches have been tried (9, 11, 
12, 20) . These approaches include lymphokine-activated 
natural killer cells, tumor-infiltrating lymphocytes, 
auto-lymphocytes, activation of lymph node-draining T 
cells/ antigen-specific cytotoxic T lymphocytes, anti- 
CD3-activated T cells, anti-CD3/anti-CD28 co-activated T 
cells, and dendritic cells. Although these approaches 
have been informative, clinical responses have usually 
shown no effect because of the lack of specificity toward 
any particular tumor. 

New strategies have therefore been developed to combine" 
the specificity of antibodies with the cytotoxic 
capability of T cells. The bi-specific monoclonal 
antibody (BsAb) approach is one of the new adoptive 
immunotherapy strategies. 
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A BsAb, in one embodiment, consists of two monoclonal 
antibodies (mAbs) . cross-linked through chemical 
heteroconjugation. The BsAb will therefore carry dual 
5 specific "arms"; one arm recognizing and specifically 
binding to. a tumor-associated antigen (TAA) and the other 
one recognizing the CD3 receptor on T cells. When a BsAb 
bridges a T cell and a tumor cell, the armed T cell can 
bypass the major histocompatibility complex (MHC) 

10 restrictions and become a TAA-specific cytotoxic T 
lymphocyte (CTL) against tumor cells bearing the TAA. In 
vitro, these BsAbs have shown specific cytotoxicity 
against tumors (25) . In the treatment of cancer, BsAbs 
have improved human survival rates and eradicated tumors 

15 in animals (24) . 

Her2/neu is a member of the epidermal growth factor 
receptor family of tyrosine kinases that is over- 
expressed in several cancers, including breast cancer 
20 (21) . A chemically heteroconjugated anti-CD3 x anti- 
HER2/neu BsAb was used to treat high-risk breast cancer 
(13, 21) and hormone refractory prostate cancer. 

However, chemically heteroconjugated BsAbs have important 
25 clinical limitations (1, 22, 24, 26). First, the murine- 
derived mAbs induce HAMA (human anti-mouse antibody) 
responses in nearly all patients (5) . Second, chemical 
heteroconjugation procedures are still inefficient and 
inconsistent. Third, the heterogeneous conjugation 
30 product contains a mixture of monomer, dimer and 
multimer. Finally, the large molecular weight (>300 kDa) 
of BsAbs may prevent rapid tumor penetration. 

Advances in antibody engineering have made it possible to 
35 overcome these restrictions by constructing recombinant 
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bi-specific antibodies (re-BsAbs) that contain only the 
single chain fragments of variable regions (scFv) of 
mAbs, but still produce the same effector responses 
against tumor cells as whole mAbs do (2, 22, 24-26) . The 
5 re-BsAbs offer several advantages over intact BsAbs . 
First, the smaller molecule size (30-50 kDa) allows 
higher penetration into solid tumor tissues. Second, the 
HAMA reactions are largely reduced due to the lack of an 
immunogenic Fc domain of mAb. Third, the process of 
10 producing highly purified protein is greatly simplified. 
Finally , the entire protein production procedure can be 
done on a commercial scale. 

Despite the recent advances in bi-specific antibody 
15 technology, structural and functional limitations still 
remain. 
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Summary of the Invention 

This invention provides a first composition of matter 
comprising a first antigen-binding moiety and a second 
5 antigen-binding moiety operably affixed to one another 
via a flexible linker moiety. 

This invention also provides a polypeptide comprising the 
amino acid sequence set forth in Figures 20-1 to 20-15 
10 (SEQ ID NO:2) . 

This invention also provides a polypeptide comprising the 
amino acid sequence set forth in Figure 25 (SEQ ID NO:4). 

15 This invention further provides a nucleic acid encoding a 
polypeptide comprising a first antigen-binding moiety and 
a second antigen-binding moiety operably affixed to one 
another via a flexible linker moiety having a length of • 
at least 16 amino residues. 

20 

This invention further provides a host-vector system 
comprising a host cell transfected with the instant 
expression vector. 

25 This invention further provides a method for producing a 
polypeptide comprising a first antigen-binding moiety and 
a second antigen-binding moiety operably affixed to one 
another via a linker moiety having a length of at least 
16 amino residues, which method comprises (a) culturing 

30 the instant host-vector system under conditions 
permitting the expression of the polypeptide, and (b) 
recovering the polypeptide so expressed. 



35 



This invention further provides a second composition of 
matter comprising (a) the above-described composition and 





WO 03/090513 PCT/US03/12772 



(b) a cell having on its surface the antigen to which the 
first antigen-binding moiety specifically binds. 

This invention further provides a method for increasing 
5 the activity of a CD3+ cell comprising contacting the 
cell with the instant composition. 



This invention further provides a method for treating a 
subject afflicted with a disorder mediated by the 

10 presence of an abnormal cell, comprising administering to 
the subject (a) an agent known to ameliorate the disorder 
via contact with the abnormal cell, and (b) the instant 
composition, wherein the first antigen-binding moiety 
specifically binds to an antigen present on the agent, 

15 and the second antigen-binding moiety' specifically binds 
to an antigen present on the abnormal cell. 

This invention further provides a method for treating a 
subject afflicted with a tumor comprising administering 
20 to the subject (a) Interleukin-2 (IL-2), (b) T cells, and 
(c) the antibody designated E3Bi. 



This invention further provides a kit for use in treating 
a subject afflicted with a disorder mediated by the 

25 presence of an abnormal cell, comprising (a) the instant 
composition, wherein the first antigen-binding moiety 
specifically binds to an antigen present on an agent 
known to ameliorate the disorder and the second antigen- 
binding moiety specifically binds to an antigen present 

30 on the abnormal cell, and (b) instructions for use. 



This invention further provides a kit for use in treating 
a subject afflicted with -a disorder mediated by the 
presence of an abnormal cell, comprising (a) the first 
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* instant composition, and (b) the agent known to 
ameliorate the disorder. 

Finally, this invention provides a kit for use in 
5 treating a subject afflicted with a tumor comprising (a) 
Interleukin-2 (IL-2), (b) T cells, (c) the antibody 
designated E3Bi, and (d) instructions for use. 
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Brief Description of the Figures 



Figure 1 

This Figure shows the over-expression of EpCAM on tumor 
5 cell surfaces but not on normal epithelium. The EpCAM is 
over-expressed in MCF-7 breast cancer cells {middle) and 
colorectal cancer cells (left) , but not in HBS-100 normal 
breast epithelial cells (right) . Cells were stained with 
the GA733.2 mAb. 

10 

Figure 2 

This Figure illustrates the relationship of a T cell 
carrying a ch-TCR with and without the hinge spacer (H) . 
When the scFv binds to a specific antigen on the tumor 
15 cell surface, the connected T cell signaling chain "Y" 
initiates the T cell activation that will produce non- 
MHC-restricted tumor-killing activity. 

Figure 3 

20 Day 14 ATCs were used for these experiments. T cell 
populations from both healthy donors and patients were 
either not transduced (T) or transduced with the empty 
retrovirus only (SAM), with the retrovirus carrying the 
GA733.2-derived ch-TCR (GA) , or with GA plus a hinge 

25 (GAH) . The effector-to-target ratios are 5:1 for panels A 
and B, or 2.5:1 for panel 3C. ELISAs of IFN-y and TNF-a 
were performed after 24 hr incubation. Supernatants (50 
pi) were collected for ELISAs in triplicate. The target 
cell lysis was determined after incubation for 4 hr at 

30 37°C by the 51 Cr-release assay, Only data from healthy 
donors are shown in panel C because there is no different 
cytotoxicity observed using either patients' or normal 
donors' ATCs. Panels A and B show that cytokine 
production was increased by the hinge addition (GAH with 
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a hinge and GA without) . Panel C shows that cytotoxicity 
was also increased by about two-fold in the GAH group. 



Figure 4 

5 The ch-TCR with a hinge (GAHv-EN) shows greatly increased 
T cell aggregations with the tumor cells in comparison to 
the ch-TCR without the hinge (GAy-EN) . These photographs 
were taken after co-cultivation of tumor cells and T 
cells for 4 hr at 37°C at an effector-to-target ratio of 
10 2:1. The arrows point at tumor cells, LS174T. W T cell", 
non-transduced T cells plus tumor cells; "SAM-EN", T 
cells transduced with expression vector only without the 
gene of interest; "GAy-EN", with the hinge; "EN", an 
internal ribosome entry site in the vector. 

15 

Figure 5 

The cytotoxicity of ch-TCR-transduced T cells only occurs 
when they are exposed to EpcAM-positive tumor cells 
(LS174T) at an E:T ratio of 5:1 for 24 hr at 37°C. The SD 
20 is indicated in both panels. These data also demonstrate 
that there is no significant difference between using the 
y- or £-chain as the ch-TCR signaling domain to induce 
the cytolytic function of these transduced T cells. 

25 Figure 6 

These photographs show that the BsAb-mediated aggregation 
of T cells and tumor cells is specific to the mAb used. 
Day 14 cultured ATCs armed with 50 ng of OKT3/9184 BsAb 
bind (aggregate) to MCF-7 (upper left) . There is no 

30 aggregation in three negative controls: ATCs armed with 
50 ng of irrelevant BsAb (upper right), unarmed (lower 
left) , or armed with a mixture of 250 ng of non- 
conjugated OKT3 and 250 ng of non-conjugated 9184 (lower 
right). The effector-to-target ratio is 25:1. These 

35 photos were taken after 24 hr co-incubation of MCF-7 
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cells with the BsAb armed TC. The mAb 9184 is an anti- 
Her2/neu mAb. 



Figure 7 

5 This Figure demonstrates that as few as 5 ng BsAb per 
IxlO 6 T cells can trigger the cytotoxicity mediated by 
armed T cells. This cytotoxicity assay was performed 
using MCF-7 cells. The data presented in this Figure are 
summarized from three experiments in three different 
10 donors. .This Figure shows composite titration curves for 
unarmed TCs and ATCs armed with 0.5, 5.0 and 50.0 ng of 
OKT3/9184 BsAb at effector-to-target ratios of between 5 

and 25 to 1; unarmed (T) or armed with 0.5 (•) , 5.0 (■) , 
and 50 (♦) ng BsAb/lxlO 6 ATCs/ml. 

15 

Figure 8 

This Figure shows that 40% of mice treated with BsAb- 
armed ATCs survived. The BsAb, OKT3XT84.66, was used for 
this experiment. SCID mice received 3Gy of total body 

20 irradiation to eliminate NK cells to ensure engraftment 
of tumor cells. The mice received subcutaneous co- 
injections of armed or unarmed ATCs (20xl0 6 ATCs) along 
with CEA-positive LS174T tumor cells (1x10 s cells) (Winn 
assay) . The control group only received tumor cells and 

25 no ATCs. All non-ATC mice died of tumor progression by 
day 15 with tumor size >22mm. On day 100, 40% of mice 
that received armed BsAb were still alive, while only 10% 
were alive in the group that only received un-armed ATCs. 

30 Figure 9 

This Figure shows the construction of E3Bi into pGlEN 
vector. VH-VLe, the scFv of GA733.2; VH-VL3, the ScFv of 
OKT3; SD, splicing donor; SA, splicing acceptor; His, 
6xHis-tag; IRES, an internal ribosome entry site;. neo r , a 
35 neomycine phosphotransferase gene. 
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Figure 10 

This is an illustration of the re-BsAb, E3Bi . VL, 
variable light chain of mAb; VH, variable heavy chain of 
5 mAb; H, hinge. 

Figure 11 

This is an illustration of the recombinant bi-specific 
antibody, E3Bi, which binds the T cell receptor on a T 
10 cell and the tumor associated-antigen EpCAM on a tumor 
cell. Once this complex is formed, the T cell will be 
activated by the receptor-E3Bi binding, and will become 
cytotoxic and kill a tumor cell. 

15 Figure 12 

T cell aggregation is dependent on the E3Bi doses. E:T = 
10:1, Day 15 ATCs, target = LS174T. 

Figure 13 

20 This Figure shows a cytotoxicity assay ( 51 Cr release 
assay) of E3Bi-armed T cells. Target = LS174T, 16 hr 
assay. 

Figure 14 

25 This Figure shows IFN-y production induced by different 
doses of E3Bi. 

Figure 15 

This Figure shows the cloning of a hinge to the 3' -end of 
30 EpCAM scFv. 



Figure 16 

This Figure shows the construction of OKT3 scFv. 
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Figure 17 

This Figure shows the assembly of E3 to pGlEN . 
5 Figure 18 

This Figure .shows the replacement of a hinge with GS- 
linker GGGGSGGGGSGGGGS . 

Figure 19 

10 This Figure shows a circular map of pGlEN-EH3 . His . 
Figures 20-1 to 20-15 

The complete DNA sequences of E3Bi and its vector have 
been confirmed by DNA sequencing analysis. This DNA 

15 plasmid is called pGlEN-EH3 .His . The completed DNA 
sequence of 8, 078 base pairs (SEQ ID NO:l) and the 
corresponding amino acid sequence (SEQ ID NO: 2) are also 
shown. The scFv of GA733.2 starts at site 1,388, the 
hinge starts at site 2,169, and the scFv of OKT3 starts 

20 at site 2,358. The 6XHis tag starts at site 3,093. 

Figure 21 

This Figure shows the in vivo anti-tumor response of E3Bi 
in a tumor xenograft model by tumor growth delay. SCID- 

25 Beige mice bearing LS174T xenografts were treated 
intratumoral (IT) injections IL-2 (n=6) , or IL-2/ATC 
(n=8), or IL-2/ATC/E3Bi (n=6) beginning when tumor 
volumes of mice reached approximately 0.5 cc. Tumor 
growth delay is reported as the mean number of days (±SD) 

30 for tumor volumes of mice from each treatment group to 
reach 2 cc. 

p = 0.0034 is the probability by Kruskal-Wallis non- 
parametric analysis that tumor growth delay is the same 
35 for all treatment groups, p < 0.01 is the probability by 



WO 03/090513 



• 



PCT/US03/12772 



12 



Dunn's multiple comparison analysis that treatment with 
IL-2/ATC/E3Bi produces the same tumor growth delay in 
mice as treatment with IL-2 alone; p > 0.05 for IL-2/ATC 
alone. 

5 

Figure 22 

This Figure shows the survival of LS17 4T cells from 
LS174T tumor xenografts excised from SCID-Beige mice 24 h 
after mice received treatment with: IL-2 (300 

10 IU/injection i.t.) alone; IL-2 and ATC (7xl0 7 
cells/injection i.t.); or IL-2/ATC and low (1 mg/kg i.v.) 
or high dose (10 mg/kg i.v.) E3Bi. After excision, tumor 
cells were processed into single-cell suspensions and 
seeded into cultures in four concentrations with five 

15 replicates each. Cells were counted after 7 days. 
Results are represented as the mean (±SE) surviving 
fraction of cells from each treatment group compared to 
the IL-2 treatment group. p < 0.001, IL-2 or IL-2/ATC 
vs. IL-2/ATC/E3Bi (10 mg/kg); p < 0.001, IL-2/ATC vs. IL- 

20 2/ATC/E3Bi (1 mg/kg); p < 0.05, IL-2 /ATC/E3Bi (1 mg/kg) 
vs. IL-2/ATC/E3Bi (10 mg/kg). 

Figure 23 

This Figure shows that E3Bi significantly triggers the 
25 cytotoxicity of PBMC (p = 0.0088). 1, 2, and 3 day 
cytotoxicity assays (CML) were conducted on PBMC as the 
effectors and LS17 4T colon tumor cells as target cells. 
The E/T ratio is 5. 100 pmole E3Bi/10 6 effectors were 
used. The error bars show the standard deviations from 
30 the triplicate. This Figure also shows that there was 
some non-MHC restricted and non-specific cytolytic 
activity of T cells in E3Bi- group; however, this 
cytolytic activity is insignificant, p > 0.05. 



35 
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Figure 24 

The cDNA sequence of E3Bi (SEQ ID NO: 3). 
Figure 25 

5 The protein sequence of E3Bi (SEQ ID NO:4). 
Figures 26-1 to 26-5 

Alternative protein sequence version of pGlEN-EH3 . His 
(SEQ ID NO:5). The completed DNA sequence of 8,078 base 
10 pairs (SEQ ID NO:l) is also shown. 
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Detailed Description of the Invention 

Definitions 

5 As used in this application, except as otherwise 
expressly provided herein, each of the following terms 
shall have the meaning set forth below. 

"Activated T Cell," also referred to herein as "ATC, 99 
10 shall have the meaning normally ascribed to it in the 
art. Characteristics of ATC include, without limitation, 
resumption of cell cycle, elevated IL-2 secretion, 
upregulated IL-2 receptor expression, limited 
proliferation, and differentiation into effector cells. 

15 

"Administering" shall mean delivering in a manner which 
is effected or performed using any of the various methods 
and delivery systems known to those skilled in the art. 
Administering can be performed, for example, 

20 intravenously, pericardially, orally, via implant, trans- 
mucosally, transdermally, intramuscularly, sub- 
cutaneously, intraperitoneally, intrathecally, intra- 
lymphatically, intralesionally, or epidurally. 
Administering can be performed, for example, once, a 

25 plurality of times, and/or over one or more extended 
periods . 

The term "antibody" includes, by way of example, both 
naturally occurring antibodies (e.g., IgG, IgM, IgE and 

30 IgA) and non-naturally occurring antibodies. The term 
"antibody" also includes polyclonal and monoclonal 
• antibodies, and fragments thereof (e.g., antigen-binding 
portions) . Furthermore, the term "antibody" includes 
chimeric antibodies, wholly synthetic antibodies, human 

35 antibodies, humanized antibodies, and fragments thereof. 
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"BsAb", also referred to herein as "bi-specif ic 
antibody", shall include, without limitation, a 
composition of matter comprising two operably affixed 
5 moieties, wherein each moiety is capable of binding to an 
antigen and comprises an antibody. BsAbs include, for 
example, (i) compositions comprising whole antibodies 
tethered together, (ii) single antibodies having two 
antigen-binding domains, each specific for a different 
10 antigen, (iii) single chain polypeptides, each comprising 
two antigen-binding domains linked via a region of at 
least 16 amino acid residues, and (iv) compositions 
comprising antigen-binding portions of antibodies 
operably affixed via chemical linkers. 

15 

"E3Bi" in this application is equivalent to "E3-Bi" found 
in the priority application. 

"Flexible linker moiety" shall mean any chemical or 
20 biochemical moiety which (i) joins two antigen-binding 
moieties, (ii) comprises at least one chemical bond about 
which rotation is permitted, and (iii) permits the 
unhindered binding of each antigen-binding moiety joined 
thereto to its respective antigen. In the preferred 
25 embodiment, the flexible linker moiety permits binding of 
the two antigen-binding moieties to their respective 
antigens located on different cells (e.g., permitting the 
first antigen-binding moiety to bind to its antigen on a 
tumor cell, and the second antigen-binding moiety to bind 
30 to its antigen on a T cell) . 

"Host cells" include, but are not limited to, bacterial 
cells, yeast cells, fungal cells, insect cells, and 
mammalian cells. Mammalian cells can be transfected by 
35 methods well-known in the art such as calcium phosphate 
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precipitation, electroporation and microinjection: 

"Mammalian cell'' shall mean any mammalian cell. 
Mammalian cells include, without limitation, cells which 
5 are normal, abnormal and transformed, and are exemplified 
■ by neurons, epithelial cells, muscle cells, blood cells, 
immune cells, stem cells, osteocytes, endothelial cells 
and blast cells . 

10 "Non-activated T cell 77 shall have the meaning normally 
ascribed to it in the art. Characteristics of a non- 
activated T cell include, without limitation, quiescence 
of cell cycle, non-proliferation and non-differentiation. 

15 The terms "nucleic acid", "polynucleotide" and "nucleic 
acid sequence" are used interchangeably herein, and each 
refers to a polymer of deoxyribonucleotides and/or 
ribonucleotides. The deoxyribonucleotides and 
ribonucleotides can be naturally occurring or synthetic 

20 analogues thereof. 

"Pharmaceutical^ acceptable carriers" are well known to 
those skilled in the art and include, but are not limited 
to, 0.01-0.1 M and preferably 0.05 M phosphate buffer or 

25 0.8% saline. Additionally, such pharmaceutical^ 
acceptable carriers can be aqueous or non-aqueous 
solutions, suspensions, and emulsions. Examples of non- 
aqueous solvents are propylene glycol, polyethylene 
glycol, vegetable oils such as olive oil, and injectable 

30 organic esters such as ethyl oleate. Aqueous carriers 
include water, alcoholic/aqueous solutions, emulsions and 
suspensions, including saline and buffered media. 
Parenteral vehicles include sodium chloride solution, 
Ringer's dextrose, dextrose and sodium chloride, lactated 

35 Ringer's and ' fixed oils. Intravenous vehicles include 
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. fluid and nutrient replenishers, electrolyte replenishers 
such as those based on Ringer's dextrose, and the like. 
Preservatives and other additives may also be present, 
such as, for example, antimicrobials, antioxidants, 
5 chelating agents, inert gases, and the like. 

The terms "polypeptide," "peptide" and "protein" are used 
interchangeably herein, and each means a polymer of amino 
acid residues. The amino acid residues can be naturally 
10 occurring or chemical analogues thereof. Polypeptides, 
peptides and proteins can also include modifications such 
as glycosylation, lipid attachment, sulfation, 
hydroxylation, and ADP-ribosylation . 

15 "Specifically bind" shall mean that, with respect to the 
binding of an antigen-binding moiety to its respective 
antigen, the moiety binds to that antigen with a greater 
affinity than that with which it binds to most or all 
other antigens. In the preferred embodiment, the moiety 

20 binds to that antigen with a greater affinity than that 
with which it binds to all other antigens. 

"Stem cell" shall mean, without limitation, a cell that 
gives rise to a lineage of progeny cells. Examples of 
25 stem cells include CD34+ cells and embryonic stem cells. 
Surface adhesion molecules present on stem cells include, 
without limitation, IL-3 receptor, IL-6 receptor, IL-11 
receptor, c-kit, VLA-4, VLA-5, L-selectin, PECAM-1 and 
Beta-1 integrin. 

30 

"Subject" shall mean any animal, such as a mammal or a 
bird, including, without limitation, a cow, a horse, a 
sheep, a pig, a dog, a cat, a rodent such as a mouse or 
rat, a chicken, a turkey and a primate. In the preferred 
35 embodiment, the subject is a human being. 
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"Vector" shall mean any nucleic acid vector known in the 
art. Such vectors include, but are not limited to, 
plasmid vectors, cosmid vectors, and bacteriophage 
5 vectors. 

Embodiments of the Invention 

This invention provides a first composition of matter 
10 comprising a first antigen-binding moiety and a second 
antigen-binding moiety operably affixed to one another 
via a flexible linker moiety. 

The flexible linker moiety can comprise, for example, a 
15 polymer or a polypeptide. In one embodiment, the 
polypeptide has a length of at least 16 amino acid 
residues. In another embodiment, the polypeptide has a 
length of between 16 amino acid residues and about 100 
amino acid residues. In another embodiment, the 
20 polypeptide has a length of between 50 amino acid 
residues and about 75 amino acid residues. In a further 
embodiment, the polypeptide has a length of about 63 
amino acid residues, and/or comprises all or a portion of 
an antibody hinge region (e.g., CD8ct Ig hinge-like 
25 region) . Preferably, the polypeptide has the amino acid 
sequence encoded by nucleotides 2170-2358 shown in 
Figures 20-1 to 20-15 (SEQ NO ID:1). 

Preferably, in the first composition, the first and 
30 second antigen-binding moieties specifically bind to 
different antigens. In one embodiment, the first 
antigen-binding moiety specifically binds to a tumor cell 
surface antigen. In another embodiment, the first 
antigen-binding moiety specifically binds to a cell 
35 surface antigen such as CD2, CD3, CD56 or other T cell or 
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NK cell surface antigen. In a further embodiment, the 
first antigen-binding moiety specifically binds to a 
tumor cell surface antigen, and the second antigen- 
binding moiety specifically binds to a CD3+ cell surface 
5 antigen. In the preferred embodiment, the tumor cell 
surface antigen is EpCAM, and the CD3+ cell surface 
antigen is CD3. Other antigens include, for example, the 
breast cancer-associated antigen HER2 . Antibodies 
against this antigen are known. 

10 

In another embodiment, the first antigen-binding moiety 
comprises the antigen-binding portion of an anti-EpCAM 
antibody, and the second antigen-binding moiety comprises 
the antigen-binding portion of the antibody designated 
15 OKT3. In another embodiment, the anti-EpCAM antibody 
comprises the antigen-binding portion of the antibody 
designated GA733.2. 



In the first composition, each antigen-binding moiety 
20 preferably comprises the antigen-binding portion of an 
antibody. The antigen-binding portions can be, for 
example, Fab portions. 

In one embodiment of the first composition, the 
25 composition comprises a single polypeptide chain which 
forms the first and second antigen-binding moieties and 
the linker moiety. In another embodiment, each of the 
first and second antigen-binding moieties further 
comprises a second polypeptide chain. 



30 



35 



This invention further provides a polypeptide comprising 
the amino acid sequence set forth in Figures 20-1 to 20- 
15 (SEQ ID NO:2). This polypeptide is referred to herein 
as E3Bi, and comprises an anti-EpCAM and anti-CD3 domain. 
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This invention further provides a polypeptide comprising 
the amino acid sequence set forth in Figure 25 (SEQ ID 
NO:4) . 



This invention further provides a nucleic acid encoding a 
polypeptide comprising a first antigen-binding moiety and 
a second antigen-binding moiety operably affixed to one 
another via a flexible linker moiety having a length of 
at least 16 amino residues- In one embodiment, the 
nucleic acid has the nucleotide sequence shown in Figures 
20-1 to 20-15 (SEQ ID NO:l). In another embodiment, the 
nucleic acid has the nucleotide sequence shown in Figure 
24 (SEQ ID NO:3) . 



10 



15 The nucleic acid can be, for example, DNA or RNA, and is 
preferably DNA. In another embodiment, the nucleic acid 
is an expression vector. Expression vectors include, for 
example, plasmids, cosmids, bacteriophages and eukaryotic 
viruses. In one embodiment, the eukaryotic virus is an 

20 adenovirus or a retrovirus. 



This invention further provides a host-vector system 
comprising a host cell transfected with the instant 
expression vector. 

25 

This invention further provides a method for producing a 
polypeptide comprising a first antigen-binding moiety and 
a second antigen-binding moiety operably affixed to one 
another via a flexible linker moiety having a length of 
30 at least 16 amino residues, which method comprises (a) 
culturing the instant host-vector system under conditions 
permitting the expression of the polypeptide, and (b) 
recovering the polypeptide so expressed. 
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This invention further provides a second composition of 
matter comprising (a) the instant composition and (b) a 
cell having on its surface the antigen to which the first 
antigen-binding moiety specifically binds. In one 
5 embodiment, the cell is a CD3+ cell and the first 
antigen-binding moiety specifically binds to CD3. 



In' another embodiment, the cell is a T cell, the first 
antigen-binding moiety comprises the antigen-binding 
10 portion of the antibody designated OKT3, and the second 
antigen-binding moiety comprises the antigen-binding 
portion of the antibody designated GA733.2. In one 
embodiment, the composition of (a) is present in a ratio 
of from about 5-500 ng per million cells of (b) . 

15 

This invention further provides a method for increasing 
the activity of a CD3+ cell comprising contacting the 
cell with the first composition. 

20 This invention further provides a method for treating a 
subject afflicted with a disorder mediated by the 
presence of an abnormal cell, comprising administering to 
the subject (a) an agent known to ameliorate the disorder 
via contact with the abnormal cell, and (b) the above- 

25 described composition, wherein the first antigen-binding 
moiety specifically binds to an antigen present on the 
agent, and the second antigen-binding moiety specifically 
binds to an antigen present on the abnormal cell. 

30 In one embodiment, the subject is selected from the group' 
consisting of a cow, a horse, a sheep, a pig, a dog, a 
cat, a rabbit and a primate. In the preferred 
embodiment, the subject is a human. 

35 The disorder treated by the instant method can be any 
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disorder mediated by an abnormal cell. Such disorders 
include, without limitation, cancer and specifically 
tumors. Cancer includes, without limitation, solid 
tumors, metastatic tumor cells and nonsolid cancers of 
5 the blood, marrow, and lymphatic systems. Tumors include, 
for example, carcinomas (cancers derived from epithelial 
cells), sarcomas (derived from mesenchymal tissues), 
lymphomas (solid tumors of lymphoid tissues), and 
leukemias (marrow or blood borne tumors of lymphocytes or 
10 other hematopoietic cells) . 

In a particular embodiment of the instant method, the 
agent is a CD3+ cell, the first antigen-binding moiety 
specifically binds to CD3 (or any other T cell antigen), 

15 and the second antigen-binding moiety specifically binds 
to EpCAM. In another embodiment, the composition 
comprises the polypeptide whose amino acid sequence is 
shown in Figures 20-1 to 20-15 (SEQ ID NO:2) . In another 
embodiment, the composition comprises the polypeptide 

20 whose amino acid- sequence is shown in Figure 25 (SEQ ID 
NO:4) . 



This invention further provides a method for treating a 
subject' afflicted with a tumor comprising administering 
25 to the subject (a) Interleukin-2 (IL-2), (b) T cells, and 
(c) the antibody designated E3Bi . The T cells can be, 
for example, activated T cells or non-activated T cells. 

In one embodiment, the subject is selected from the group 
30 consisting of a cow, a horse, a sheep, a pig, a dog, a 
cat, a rabbit and a primate. In the preferred 
embodiment, the subject is a human. 

This invention further provides a kit for use in treating 
35 a subject afflicted with a disorder mediated by the 
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presence of an abnormal cell, comprising (a) the first 
instant composition, wherein the first antigen-binding 
moiety specifically binds to an antigen present on an 
agent known to ameliorate the disorder and the second 
5 antigen-binding moiety specifically binds to an antigen 
present on the abnormal cells, and (b) instructions for 
use. 

This invention further provides a kit for use in treating 
10 a subject afflicted with a disorder mediated by the 
presence of an abnormal cell, comprising (a) the first 
instant composition, and (b) the agent known to 
ameliorate the disorder. In one embodiment of the 
instant kits, the composition of (a) comprises a 
15 polypeptide having the sequence shown in Figures 20-1 to 
20-15 (SEQ ID NO:2). In another embodiment of the 
instant kits, the composition of (a) comprises a 
polypeptide having the sequence shown in Figure 25 (SEQ 
ID NO: 4) . 

20 

Finally, this invention provides a kit for use in 
treating a subject afflicted with a tumor comprising (a) 
Interleukin-2 (IL-2), (b) T cells, (c) the antibody 
designated E3Bi, and (d) instructions for use. The T 
25 cells can be, for example, activated T cells or non- 
activated T cells. 



This invention will be better understood from the 
Experimental Details that follow. However, one skilled 
30 in the art will readily appreciate that the specific 
methods and results discussed are merely illustrative of 
the invention as described more fully in the claims that 
follow thereafter. 
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Experimental Details 

Introduction 

5 The immunotherapeutic approach of using armed T cells 
with chemically conjugated bi-specific monoclonal 
antibodies (BsAbs) has shown specific cytotoxity against 
tumor cells. This BsAb carries dual specific "arms", one- 
arm recognizing and specifically binding to a tumor 

10 associated antigen (TAA) , the other one to the CD3 
receptor of T cells. . When a BsAb bridges a T cell and a 
tumor cell, the armed T cell can bypass the major 
histocompatibility complex (MHC) restriction and become a 
TAA-specific cytotoxic T lymphocyte (CTL) . In the 

15 treatment of cancers, BsAbs have shown improvement of 
survival in humans and complete tumor eradication in 
animals . 

Unfortunately, the use of these BsAbs is limited for 
20 long-term treatments for the following reasons. (1) 
Patients develop immune reactions against the BsAb 
because the BsAb was originally generated in mice. (2) 
The BsAb production is inconsistent from batch to batch. 
Using antibody engineering technologies, a genetically 
25 engineered recombinant BsAb (E3Bi) was constructed which 
contains only the sites for tumor and T cell binding but 
not the immunogenic site of the antibodies which causes 
unwanted reactions in patients. Generating highly 
purified protein products is greatly simplified and the 
30 entire procedure can be used in commercial production. 

The TAA that E3Bi targets is called EpCAM (epithelial 
cell adhesion molecule) . EpCAM is over-expressed in all 
adenocarcinomas. Since EpCAM is a membrane protein and 
35 there is no soluble form in the serum to block antigen 
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binding sites, and since EpCAM over-expressed in nearly 
all types of tumors, EpCAM was chosen as an ideal target 
for the E3Bi approach. 



5 A re-BsAb was constructed from the mAb GA733.2 and mAb 
OKT3, and called E3Bi. GA733.2 recognizes EpCAM (8). 

The tumor targets 

10 EpCAM (epithelial cell adhesion molecule, also called 
EGP-2, EGP-40, 17-1A, KSA) is a TAA that is over- 
expressed in all adenocarcinomas (23) . Since EpCAM is a 
membrane protein and there is no soluble form of it in 
the serum to block antigen binding sites, EpCAM is an 

15 ideal target for the re-BsAb approach. Figure 1 shows the 
surface antibody staining of EpCAM in colorectal (left) 
and breast (middle) cancer, as well as in normal 
epithelium (right) . 



20 EpCAM is a well-studied and characterized tumor antigen. 
Two antibodies, C017-1A and GA733.2, bind to EpCAM, .but 
at different epitopes and with different affinities. 
C017-1A has been used in clinical trials to treat 
colorectal cancer following surgery (6). However; there 

25 were no detectable immune responses reported. To direct a 
T cell to specifically target a TAA, the T cell receptor 
(TCR) can be engineered so that it carries the binding 
sites of a mAb that recognizes a TAA. This technique is 
also called a x> T-body" or chimeric TCR (ch-TCR) approach. 

30 Daly et al. showed that only GA733.2 ch-TCR, not C017-1A 
ch-TCR, bound to EpCAM-positive tumor targets (4), 
probably because GA733.2 has a greater affinity than "does 
C017-1A (5xl0 8 M" 1 compared with 0.7xl0 8 M" 1 , respectively 
(8)). 



35 
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Preliminary Work 

Addition of a hinge spacer can significantly 
increase the tumor-binding and killing function of a 
5 ch-TCR 

Two ch-TCRs (Figure 2) have been constructed. One has a 
hinge (H) insert and the other does not. Both ch-TCRs 
contain the scFv of the mAb GA733.2 that binds to the 

10 EpCAM and a T cell signaling domain that triggers T cell 
activation. Both the FcR y-chain (GAHy) and TCR £-chain 
(GAHO were used as the T cell signaling domain. This ch- 
TCR was transduced into an activated T cell (ATC) via a 
retrovirus. These results show that T cells carrying this 

15 ch-TCR specifically and efficiently target and lyse tumor 
cells (18), and the hinge spacer can increase the 
specific tumor lytic function (Figures 3 and 4) . 

The addition of a hinge between the scFv and y-chain 
20 greatly increased cytotoxic activity (18) (Figure 3). 
These results support the belief that the hinge spacer 
between these two scFv motifs improves binding efficiency 
to the targets as well as cytotoxicity. 

25 Matthias Mack's group has designed a re-BsAb against 
EpCAM that is generated from a M79 hybridism (anti-17-lA) 
and they have shown its specific cytotoxicity in vitro 
(10, 14, 15) . A 5-amino acid linker (G 4 Si) bridges these 
two scFvs in their respective re-BsAb. To date, they have 

30 not reported any results from in vivo experiments or 
clinical trials. However, their work has contributed to 
an improved design of re-BsAb: (1) the efficacy of the 
dual-headed recombinant antibody which contains only the 
scFv domains; (2) the feasibility of using mammalian CHO 

35 cells to express the fully functional recombinant 
protein; (3) the unnecessary addition of a co-stimulation 
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portion in a re-BsAb construct; and (4) the stability of 
re-BsAb at 4°C for at least 6 months. 

The mAb, GA133.2, specifically binds to EpCAM- 
positive tumor cells , and not to EpCAM-negative 
cells 

The cell line NCI-H716 is originally generated from cecum 
tumor cells that are EpCAM-negative. Using H716 as 
negative control, it was demonstrated that GA733.2 only 
targets EpCAM-positive cells (Figure 5) . 

BsAbs are effective at specifically targeting tumor 
cells and generating cytolytic activity, and pre- 
arming T cells with BsAb before infusion increases 
the efficiency of BsAb-mediated tumor killing 

To evaluate the potential efficacy of the E3Bi approach 
in future cancer therapy, the chemically heteroconjugated 
BsAb (OKT3/9184) targeting Her2/neu-positive breast 
cancer MCF-7 cells (21) was tested. In these experiments, 
there was a significant difference observed between 
adding the BsAb directly to the T cell and tumor cell 
mixture and pre-arming by adding the BsAb to T cells 
first, and then adding the armed T cells to the tumor 
targets (21) (data not shown) . Figure 6 shows, in the 
upper left panel, that activated T cells (ATCs) which had 
been cultured for 14 days and armed with 50 ng of BsAb 
(per 10 6 cells) bind to and then kill MCF-7 cells. The 
lower left panel shows the un-armed ATC control. The ATCs 
in the upper right panel have been armed with irrelevant 
mAbs and those shown in the lower right have been armed 
with non-conjugated mAbs. 

In order to determine the optimal arming dose for 
OKT3/9184, dose titration studies were performed at 
effector-to-target ratios of from 5:1 to 25:1. Increasing 
the arming doses led to increasing the mean percentage 
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specific cytotoxicity. Figure 7 shows the specific 
cytolytic activity at different doses using ATCs from 
three healthy donors. 

5 Using SCID mice and Winn assays (co-injection of tumor 
and T cells), a BsAb (OKT3xT84 . 66) was tested that 
specifically targets CEA (carcinoembryonic antigen) - 
positive colon cancer. The CEA-positive colorectal tumor 
cell line, LS174T, was used for these studies. Figure 8 
10 shows that OKT3xT84.66 BsAb can prevent tumor progression 
and death in 40% of the mice. 

Further Experiments 

15 It is maintained that (1) the re-BsAb E3Bi, derived from 
mAb GA733.2, binds to EpCAM on tumor cells better than 
the re-BsAb from mAb C017-1A; (2) a hinge addition, 
between two scFv motifs enhances the binding efficiency; 
and (3) pre-arming ATCs with the re-BsAb before infusion 

20 improves efficiency and minimizes clinical toxicity. 

Purpose and Methods of Study 



To test this position, the following experiments were 
designed as set forth below. 

Experiment 1: Construct E3Bi from two single chain 
30 fragments of variable regions (scFvs) of mAbs GA733.2 and 
OKT3, and insert a linker from the CD8a hinge-like region 
(H) between these two scFvs. As a control, the H linker 
is replaced with a traditional glycine-serine linker, 
{G 3 Si) 3 . A 6xHis-tag is also constructed into the C- 
35 terminus of this recombinant protein for affinity 



Specific Aims 



25 
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Experiment 2: Express E3Bi in the mammalian cell line CHO 
and affinity purify E3Bi. 

5 

Experiment 3: Evaluate the specific cytolytic function of 
E3Bi in vitro (using EpCAM-positive colon cancer cell 
line LS174T, and using EpCAM-negative cecum cancer cell 
line H716 as a negative control) and in vivo (using 
10 Beige-SCID mice) . 

Significance of the Instant Technology 

The biggest challenge for cancer treatment is to direct a 
15 patient's own immune system to fight cancer. In general, 
tumor growth is the result of a defective immune system 
in which the MHC (major histocompatibility complex) fails 
to present tumor antigens to the immune system and to 
generate enough specific cytotoxic T lymphocytes (CTL) . 
20 There fore , the adoptive immunotherapy strategies hold 
promise for cancer therapy because the focus of these 
treatments is to redirect a patient's own immune system 
to bypass MHC-restricted recognition and directly target 
tumor cells. 

25 

There are three major approaches in recently developed 
adoptive immunotherapy protocols. (1) Genetic 
modification of T cells to carry a chimeric T cell 
receptor (ch-TCR) that can recognize a specific tumor 

30 cell. Upon binding to the tumor cell, the ch-TCR will 
trigger the T cell to become a CTL and kill specific 
tumor cells. Because of the involvement of retrovirus 
production and gene transduction into ATCs in vitro, this 
treatment could be very expensive. (2) Dendritic cell 

35 (DC) -mediated tumor vaccination. Tumor antigens are 
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introduced into DCs so that they can present . these -tumor 
antigens to T cells and generate specific CTL. This 
strategy has not yet shown clinical success. Because 
there is no product that can be manufactured and 
5 specially trained medical technicians and facilities are 
required to perform this procedure, this treatment could 
also be very expensive and inconsistent, (3) Use of a 
conjugated bi-specific antibody (BsAb) molecule as a 
bridge between a tumor cell and a T cell so that the 
10 tumor cell will directly trigger the T cell to become a 
tumor-specific CTL. 

Although the ch-TCR and DC approaches are important 
regarding proof-of-principle, they are very difficult, 
15 inconsistent and expensive to use in treating patients. 
Among these three approaches, the BsAb approach holds the 
greatest promise for clinical applications. It is 
technically feasible and straightforward. 

20 The engineered recombinant BsAb approach (re-BsAb) 
overcomes the limitations of chemically heteroconjugated 
BsAbs because only the binding sites of the antibodies 
are selectively engineered, and not the regions that may 
cause side effects such as HAMA reactions. The re-BsAb 

25 product can be pure and consistent from lot to lot, while 
the chemically conjugated BsAb is only about 15-30% pure 
and the product is very inconsistent. The other advantage 
of this re-BsAb is that large-scale production is 
possible . 

30 

Again, this invention provides a re-BsAb with improved 
tumor-killing efficiency. This is accomplished in 
several ways: (1) using an antibody that has higher 
binding affinity; (2) adding a longer spacer between two 
35 binding sites; (3) producing this protein in mammalian 
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cells; and (4) arming a patient's T cells with this re- 
BsAb in vitro before infusing the patient. 

Relevance to Cancer 

5 

Relapse rates remain unacceptably high after conventional 
treatments currently in use for solid tumors, like 
adjuvant chemotherapy/radiotherapy or even stem cell 
transplantation. There is an urgent need for nontoxic and 
tumor-specific approaches following both conventional and 
high dose chemotherapy to eradicate residual tumor cells 
and improve overall and disease-free survival. The goal 
of the E3Bi approach is to redirect a patient's own 
immune system to specifically eradicate residual tumor 
15 cells following conventional treatments. 

Because arming T cells with E3Bi will turn every T cell 
into a tumor-antigen specific CTL, E3Bi offers a very 
effective cancer immunotherapy approach. This product 
will have much less toxicity because the patient's own T 
cells will be stimulated to eradicate tumor cells. Pre- 
arming T cells before infusion will further increase the 
efficiency and specificity of this re-BsAb. Multiple 
infusions of these armed T cells over a longer period of 
25 time are expected to eradicate residual tumor cells more 
effectively compared to other immunotherapy approaches. 
The specificity of E3Bi is unique because these armed T 
cells will locally deposit at a specific tumor site and 
kill tumor cells. Furthermore, they will also attack 
residual tumor cells that have already spread prior to 
surgery. 



20 



30 



35 



Because colorectal cancer has the highest incidence among 
all types of cancer in the U.S., patients with colorectal 
cancer are envisioned as an important treatment group. 
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Since EpCAM, the cell surface tumor marker recognized by 
E3Bi, is over-expressed in all adenocarcinomas (23) , a 
very important aspect of E3Bi is that it has use with 
respect to most solid tumors as well. 

5 

It is expected that this re~BsAb will not only eradicate 
residual tumor cells, but will be part of adjuvant 
therapy for a variety of EpCAM+ tumors. 

10 Features of E3Bi 



The design of E3Bi is unique and offers several 
advantages over other re-BsAbs that have been published 
(25) . 

15 

(i) The vector pGlEN is used for production of re-BsAb 
for the first time. Based on previous experience, this 
vector is highly effective in penetrating mammalian cell 
membranes, . integrating cDNA into the host genome and 

2 0 promoting gene expression. 

(ii) Mammalian cells (CHO cells) are used as E3Bi 
producer cells because mammalian proteins produced in the 
traditional bacterial cell E. coil may not fold properly 

25 and therefore may not function correctly. 

(iii) The hinge spacer (63 amino acids) used for E3Bi has 
never been used- for re-BsAb construction. The longer 
linker between two scFvs in E3Bi will provide the space 

30 needed for the interaction of a tumor cell and a T cell 
(18) and, therefore, is expected to increase the binding 
and tumor killing efficiency of E3Bi. 

(iv) mAb GA733.2 is used for constructing a re-BsAb for 
35 the first time. Both GA733.2 and C017-1A target EpCAM, 
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but at two different epitopes (7). GA733.2 has a higher 
affinity for EpCAM antigen than does C017-1A and produces 
stronger cytotoxicity against EpCAM-positive tumor cells 
(4) . Increasing the affinity for a tumor antigen enhances 
5 the cytotoxicity of a bi-specific antibody. 



(v) T cells from a patient are activated, expanded, armed 
with E3Bi and frozen for later infusion into the same 
patient. This in vitro arming protocol is the first of 
10 its kind used for a re-BsAb. It, is believed that this 
approach not only provides a large quantity of activated 
and armed tumor-killing T cells, but also reduces the 
possible toxicity and increases the efficiency of E3Bi . 

15 Detailed Experimental Methods 

(1) Construction of E3Bi cDNA into a high expression * 
vector 

20 Figures 9-11 illustrate the design of E3Bi. (Also shown 
are the cloning of a hinge to the 3' -end of EpCAM scFv 
(Figure 15), the construction of OKT3 scFv (Figure 16), 
the assembly of E3 to pGlEN (Figure 17), the replacement 
of a hinge with GS-linker GGGGSGGGGSGGGGS (Figure 18), 

25 and a circular map of pGlEN-EH3 . His (Figure 19)). 

The E3Bi cDNA is generated by combining variable light 
(V L ) and heavy (V H ) chains of mAbs GA733.2 and OKT3 that 
are amplified by PCR. The E3Bi cDNA is then inserted into 

30 an expression vector, pGlEN. PGlEN is generated from the 
Maloney murine leukemia virus (MMLV) and is replication 
incompetent due to the lack of three genes that are 
essential for virus formation, gag, env and pol. This 
insures against retroviral replication. Based on previous 

35 experience (18), this vector is highly efficient in 
producing stably transduced mammalian cells and promoting 
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gene expression. The anti-CD3 scFv is generated* from OKT3 
hybridoma cells (ATCC, Rockville, MD) . 

The E3Bi gene expression is driven by long terminal 
5 repeats (LTR) . This vector contains a leader sequence 
from the k light chain to penetrate cell membranes, a 
neomycin phosphotransferase gene (neo r ) for drug 
selection, a splicing donor (SD) /splicing acceptor (SA) 
to enhance the efficiency of transcription, and an 

10 internal ribosome entry site { IRES) for driving neo r gene 
transcription. A 6xHis-tag is added to the C-terminal end 
for affinity purification of this re-BsAb protein. These 
two scFvs are linked through a long hinge that is cloned 
from the CD8a hinge-like region. By adding distance from 

15 the scFv to the plasma membrane, the hinge spacer has 
shown increased tumor binding and killing activity in 
connection with the chimeric TCR approach (16, 18) . 
Figure 3 shows that in both healthy donors and patients, 
the ch-TCR with a hinge (GAH) significantly increased the 

20 specific tumor cytotoxicity and cytokine secretion (IFN-y 
and TNF-a) by about two-fold (compared to a ch-TCR 
without a hinge) (18). However, the hinge approach has 
never before been applied for re-BsAb construction. The 
hinge is expected to give the re-BsAb flexibility and 

25 rotational freedom leading to a better bridge between a 
tumor cell and a T cell. 



(2) Expression of E3Bi in eukaryotic cells 

30 Most re-BsAbs are expressed in a traditional prokaryotic 
expression system (24). However, the re-BsAb protein may 
not fold properly in prokaryotic cells (14). Therefore, a 
eukaryotic cell line, the Chinese hamster ovary cell line 
(CHO, GIBCO Life-technologies, Rockville, MD) , is 

35 transfected. Specifically, CHO is transfected with the 
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standard CaP0 4 precipitation method (17) and cultured in 
the presence of the selection drug, G418. The stably 
transfected CHO cells form colonies after 10-14 days* The 
colonies are selected for the highest quantity of the re- 
5 BsAb production and evaluated by ELISA for the presence 
of a 6xHis-tag (Ni-NTA HisSorb Plates, QIAGEN, Valencia, 
CA) . The re-BsAb is secreted into the culture medium that 
, is used directly for functional evaluation without 
further purification. The CHO clone with the highest 
10 yield of re-BsAb is grown as non-adherent cells in a 
serum-free medium specially constituted for CHO (CD-CHO, 
GIBCO) . The medium containing E3Bi is collected every 24 
hr or as otherwise determined. 

15 (3) Functional assays of E3Bi 

(3.1) In vitro studies 

Specific cytolytic and cytokine production assays are 
20 performed in both EpCAM-positive (LS174T from ATCC) and 
negative cells (H716 from ATCC) using the same techniques 
as described before (18, 21). Figure 8 demonstrates 
that, using anti-EpCAM mAb (GA733.2) staining, LS174T 
colorectal cells show very strong surface EpCAM 
25 expression. 

For these in vitro studies, T cells from healthy donors 
are isolated from 4 0 cc peripheral blood, activated with 
anti-CD3 mAb at 10-50 ng/lxlO 6 T cells/ml, and expanded 

30 for 14 days in the presence of 100 IU of IL-2 and 10% 
fetal calf serum in the medium, RPMI-1640 (BioWittaker , 
Walkersville, MD) . On day 14, the ATCs are armed with 
different doses of E3Bi and rocked for 1 hr at 4°C. The 
cells are washed twice with RPMI-1640 to eliminate excess 

35 unbound E3Bi. The armed and unarmed ATCs are added to the 
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target tumor cells at effector-to-target ratios from 1:1 
to 10:1. Cytotoxicity assays ( 51 Cr release assay) and IFN- 
y production assays (ELISA) are performed in triplicate. 
The dose, time and temperature in the arming procedure 
5 are evaluated. To test the specific targeting of E3Bi 
against EpCAM, a blocking assay is performed using the 
anti-Id antibody against the scFv of GA733.2. The 
cytotoxicity and ELISA assays are analyzed statistically 
with a standard statistical package, a paired t-test or 
10 Wilcoxon signed tank test using the SigmaStat. All in 
vitro assays are repeated with at least 5 unrelated 
subjects. The significant cytotoxic functions of E3Bi are 
analyzed with a paired t-test or Wilcoxon signed tank 
test using SigmaStat. 

15 

(3.2) In vivo studies 

In vivo functional assays are performed in animal models. 
Four to eight week-old female beige SCID mice are used 

20 for these studies (Taconic Pharm, Germantown, NY) . These 
mice carry the SCID mutation that causes a deficiency of 
both T and B cells resulting in cytotoxic T cell and 
macrophage defects as well as selective impairment of NK 
cell function. The animals are maintained in accordance 

25 with NIH animal care guidelines. 

(3.2.1) Winn assay 

The mice are divided into two groups; one group with 
30 "Winn Assay", which means lxlO 6 tumor cells are co- 
injected with armed ATCs (dose range from lxlO 6 to 10x10 s ) 
subcutaneously into the upper right thigh of each animal 
or with unarmed T cells as a control. Tumor development 
is documented weekly. The other group is injected only 
35 with lxlO 6 tumor cells subcutaneously into the upper right 
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thigh of each animal. Once the tumor is established 
(>5mm / about 4 weeks), armed or unarmed T cells at 
different doses are injected twice a week directly into 
the center of the tumor mass. As a control, mice from 
5 both groups are divided into three sub-groups: the first 
group receives no T cells; the second group is injected 
with unarmed T cells, and the third group is injected 
with armed T cells with E3Bi. The tumor development is 
measured and documented every 2 days. The tumor cells 

10 used for these in vivo studies are LS17 4T (human 
colorectal adenocarcinoma cells) . T cells are extracted 
from the peripheral blood of both healthy donors and 
patients. The animals are sacrificed by C0 2 gas overdose 
once the tumor size exceeds 1.5 cm. By week 8-10 after 

15 treatment, all animals are sacrificed. All data are 
analyzed using a paired t-test or Wilcox test on signed 
tank test using SigmaStat. 

(3.2.2) Tumor xenograft model - Xenografted 
20 mice with EpCAM+ tumor cells 

The in vivo anti-tumor response of E3Bi was also 
evaluated in a tumor xenograft model by tumor growth 
delay assay. In SCID-Beige mice bearing xenografted 

25 LS174T tumors, the average time for tumors to reach four 
times their pre-treatment volume (0.5 cc) varied 
significantly between the following three treatment 
groups (p = 0.0034): animals treated by intratumoral 
(i.t.) injections with IL-2 alone; with IL-2 plus ATC; 

30 and with IL-2 plus E3Bi/ATC. Administration of ATC with 
IL-2 resulted in a tumor growth delay of 7 days compared 
to IL-2 treatment alone (p > 0.05), while addition of 
E3Bi to the treatment regimen significantly increased 
tumor growth delay by 12 days compared to IL-2 alone, (p 

35 < 0.01) . 
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As shown in Figure 21, these results show that E3Bi 
significantly prolongs the survival rate of tumor-bearing 
mice, and therefore, provide a therapeutic advantage for 
using E3Bi with ATC/IL-2 to increase tumor growth 
5 inhibitions. 

The same xenografted mouse model was also used to 
evaluate the trafficking and high does tolerance of 
parenterally-administered E3Bi in vivo. Four-week old 

10 SCID-Beige mice were divided into four groups: i.t. 
injection of IL-2 only (IxlO 4 IU/kg) ; i.t. injection of 
IL-2 and ATC (2xl0 9 cells/kg); i.v. injection of a low (1 
mg/kg) or high (10 mg/kg) dose E3Bi along with an i.t. 
injection of IL-2 /ATC . Each mouse received two i.v. 

15 injections (day 1 and day 3) of E3Bi and two i.t. 
injections of IL-2/ATC, day 1 with 14-day old ATC from a 
healthy donor (N4) and day 3 with 17-day old. Tumor 
necrosis was observed within 48 h after the injection in 
mice receiving high dose E3Bi, but not in mice receiving 

20 low dose E3Bi, ATC/IL-2 or IL-2 only. High dose E3Bi was 
well-tolerated with no evidence of any side effects. 

The tumor size more than doubled in the mice receiving 
only ATC/IL-2 while it remained largely unchanged in mice 
25 receiving low dose E3Bi after 7 days from the. first 
injection. In addition to the observed necrosis (E) of 
tumors in mice receiving high dose of E3Bi, the tumors in 
these mice demonstrate partial regression within 7 days 
of initial treatment. 

30 

Figure 22 further supports the targeting specificity of 
E3Bi to EpCAM+ over-expressing tumors in vivo. Mice with 
established LS17 4T tumors were treated with ATC or ATC 
followed by an IV injection of low or high does E3Bi, and 
35 excised 24 h later. The viability of treated cells was 
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measured as the surviving fraction of tumor cells after 
in vivo treatment with IL-2, IL-2/ATC and IL-2/ATC/E3Bi - 
Though ATC treatment alone produced no cytotoxic effect 
on tumor cells, administration of low dose (1 mg/kg) E3Bi 
5 in conjunction with ATC treatment produced a 40% decrease 
in tumor cell survival. Increasing the E3Bi dose to 10 
mg/kg significantly decreased the tumor cell survival by 
90% (p < 0.05). Combined with the tumor growth 
inhibition studies, these results show that E3Bi. 
10 delivered systematically traffics, binds and produces 
cytotoxic effects to EpCAM+ over-expressing tumor cells 
in vivo . 

(3.2.3) E3Bi triggered cytotoxicity of non- 
15 activated T cell activation 

E3Bi also directly triggers non-activating T-cells to 
kill tumor cells. For example, E3Bi triggered CD4 + and 
CD8 + populations in peripheral blood mononuclear cells 
20 (PBMC) to become activated in the presence of LS174T 
tumor cells (data not shown) . Both T cell activation 
markers, CD25 and CD69, increased upon activation by E3Bi 
and resulted in increased cytolytic activity of T-cells, 
as shown in Figure 23. 

25 

Figure 23 illustrates that E3Bi triggers cytotoxicity in 
PMBC, which include non-activated T cells. 1, 2, and 3 
day cytotoxicity assays (CML) were conducted using PBMC 
as the effectors and LS174T colon tumor cells as target 

30 cells. On day 3, the cytotoxicity of PBMC rose to 70%, 
and therefore, shows that E3Bi significantly triggers the 
cytotoxicity of PBMC (p = 0.0088). This Figure also 
shows some non-MHC restricted and non-specific cytolytic 
activity of T cells in the E3Bi- group; however, this 

35 cytolytic activity is insignificant, p > 0.05. 
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(3,3) Anticipated obstacles 

(3.3.1) Clearance of E3Bi by kidney before it 
can attack tumors 

5 

One major concern for a small sized re-BsAb is that it 
can be cleared rapidly by the kidney, and therefore, the 
amount of its retention by the tumor is very limited (3, 
22) . To overcome this problem, T cells are pre-armed in 

10 vitro with E3Bi before infusion so that the small E3Bi 
will remain attached to the CD3 receptor on the T cells 
while traveling in the body and, therefore, be protected 
from rapid kidney clearance. More importantly, pre-arming 
the T cells in vitro will dramatically improve the 

15 killing efficiency (data not shown) . Existing methodology 
enables one to pre-arm T cells in vitro for future 
clinical trials. The pre-arming procedure includes (1) 
mixing day 14 ATCs with different doses of E3Bi in a tube 
and rocking for one hour at 4°C; (2) washing twice to 

20 remove unbound E3Bi; and (3) infusing the armed T cells 
at a concentration of lxlO 7 cells/ml. 

(3.3.2) No costimulation 

25 Without CD28 costimulation, T cell activation can result 
in activation-induced T cell apoptosis (AICD) and as a 
consequence, reduced tumor killing efficiency in vivo. 
These phenomena have not been observed using ch-TCR (18, 
19) and BsAb (10) . However, to confirm that there is no 

30 AICD in re-BsAb-mediated tumor killing activities and the 
armed ATCs can be recycled in vivo, bystander-killing 
assays, apoptosis assays (Annexin V staining) and 3 [H]- 
thymidine proliferation assays are performed. Following 
tumor exposure, the fate of armed T cells is studied with 

35 and without the E3Bi. 
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(4) Affinity purification of E3Bi 
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The high producer cells are grown in suspension in the 
serum-free medium, CHO-S-SFM II (GIBCO) , which is a 
constituted medium developed specifically for CHO cells 
growing in suspension. The supernatant containing the 
released E3Bi is collected every 24 hr and affinity 
purified by applying it to Ni-NTA spin columns. These 
columns can purify up to 150 mg of E3Bi in a one-step 
affinity purification of 6xHis-tag-containing recombinant 
protein (QIAGEN) . The columns are washed and eluted 
according to the manufacturer's instructions. The quality 
of the purified product is evaluated by denaturing gel 
electrophoresis and Western blot. For the short term, 
E3Bi is stored in phosphate-buffered saline at 4°C, 
lyophilized and stored at -20°C for the long term. 

(5) Affinity purification of E3Bi 

Collected supernatant containing the E3Bi is applied to a 
Ni-NTA agarose column (nickel-charged resin, QIAGEN) . The 
concentration of eluted E3Bi is tested with the BCA 
testing kit (BCA-200 Protein Assay Kit, Bio-Rad, 
Hercules, CA) . The final product is filtered through a 
0.22 mm filter, aliquoted in 1 mg protein/ml PBS/vial and 
stored in the -20°C freezer. This affinity purification is 
conducted in a cold box (4°C) in the GMP lab. 

(6) Activation and expansion of T cells in vitro 

It is routine to activate T cells in gas-permeable 
plastic bags with anti-CD3 antibody, OKT3 (OrthoBiotech, 
Raritan, NJ) . Briefly, T cells from healthy donors or 
patients are transferred into bags at a concentration of 
IxlO 6 CD3 + cells/ml RPMI culture medium (BioWittaker ) 



m 
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supplemented with 2-5% human serum, 100-500 IU of IL-2/ml 
and 20 ng 0KT3/ml. T cells are maintained at a 
concentration of 1x10 s cells/ml for 14 days. 

5 (7) Arming activated T cell's with E3Bi 

The procedure for arming T cells with E3Bi is adopted 
from established procedures for using chemically 
heteroconjugated BsAb. Briefly , day 14 ATCs are 

10 transferred into a tube, washed and re-suspended in an 
optimal volume of culture medium containing the optimized 
dose of E3Bi. After incubation, excess E3Bi is washed 
twice by centrifugations . The armed ATCs are either 
aliquoted and frozen or directly used for functional 

15 studies. 



(8) E3Bi-Mediated T Cell Killing 

As shown in Figure 12, T cell aggregation is dependent on 
20 the E3Bi doses. Specifically, three photos show the 
binding of T cells (small round dots) and tumor cells 
(growing in "island-like" groups) mediated by E3Bi . The 
CHO cell culture supernatant that contains E3Bi was added 
to the T cell and tumor cell mixture. Panel A contains 
25 no CHO supernatant and there is no binding or aggregation 
between T cells and tumor cells. In panel B (12.5%), 
there are a significant number of T cells attached to the 
tumor cells. In panel C (25%), all tumor cells are 
aggregated with T cells. These panels clearly show that 
30 E3Bi can direct T cells to kill tumor cells. The 
concentration of E3Bi in the supernatant was not 
determined. As a control, the same CHO supernatant that 
contains recombinant protein other than E3Bi did not 
produce the same aggregation effects (data not shown) . 



35 
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Figure 13 shows a 51 Cr release assay of E3Bi-armed T 
cells. This cytotoxicity assay shows the percentage of 
targets (tumor cells) that are killed by the effectors (T 
cells) in the presence of E3Bi. VX E/T" indicates the 
5 number of T cells per tumor cell. These data show that 
at 16 hours, about 70% of tumor cells are killed at E/T = 
10, and 50% at E/T = 5. Supernatant collected from 50% 
confluent E3Bi-transduced CHO cell culture was used for 
this assay. The xx mock" is a control, wherein only an 
10 "empty vector" (i.e., without an E3Bi insert) was 
transduced into CHO cells and the supernatant was used. 



As shown in Figure 14, IFN-y production is induced by 
different doses of E3Bi. CHO cell culture supernatant 

15 containing secreted E3Bi was added to T cell and tumor 
cell mixtures at different doses in microliters as 
indicated. The absolute concentration of E3Bi was not 
determined. The cytotoxic function of T cells is usually 
indicated by the amount of their IFN-y production. These 

20 data clearly show that E3Bi induces significant IFN-y 
production in a dose-dependent manner, while the control 
group does not stimulate IFN-y production. 
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What is claimed is: 

1. A composition of matter comprising a first antigen- 
5 binding moiety and a second antigen-binding moiety 

operably affixed to one another via a flexible 
linker moiety. 

2. The composition of claim 1, wherein the flexible 
10 linker moiety comprises a polymer. 

3. The composition of claim 1, wherein the flexible 
linker moiety comprises a polypeptide. 

15 4. The composition of claim 3, wherein the polypeptide 
has a length of at least 16 amino acid residues. 

5. The composition of claim 4, wherein the polypeptide 
has a length of between 16 amino acid residues and 

20 about 100 amino acid residues. 

6. The composition of claim 5, wherein the polypeptide 
has a length of between 50 amino acid residues and 
about 75 amino acid residues. 

25 

7. The composition of claim 6, wherein the polypeptide 
has a length of about 63 amino acid residues. 

8. The composition. of claim 7, wherein the polypeptide 
30 comprises the amino acid sequence encoded by 

nucleotide 2170-2358 shown in Figures 20-1 to 20-15 
(SEQ ID NO:l) . 



9. 

35 



The composition of claim 3, wherein the polypeptide 
comprises all or a portion of an antibody hinge 
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10. The composition of claim 1, wherein the first and 
second antigen-binding moieties specifically bind to 
different antigens. 

11. The composition of claim 10, wherein the first 
antigen-binding moiety specif ically binds to a tumor 
cell surface antigen. 

12. The composition of claim 10, wherein the first 
antigen-binding moiety specifically binds to a CD3+ 
cell surface antigen. 

13. The composition of claim 10, wherein the first 
antigen-binding moiety specif ically • binds to a tumor 
cell surface antigen, and the second antigen-binding 
moiety specifically binds to a CD3+ cell surface 
antigen. 

14. The composition of claim 13, wherein the tumor cell 
surface antigen is EpCAM, and the CD3+ cell surface 
antigen is CD3 . 

15. The composition of claim 14, wherein the first 
antigen-binding moiety comprises the antigen-binding 
portion of an anti-EpCAM antibody, and the second 
antigen-binding moiety comprises the antigen-binding 
portion of the antibody designated OKT3. 

16. The composition of claim 15, wherein the anti-EpCAM 
. antibody comprises the antigen-binding portion of 

the antibody designated GA733.2. 



35 . 17. 



A polypeptide comprising the amino acid sequence set 
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forth in Figures 20-1 to 20-15 (SEQ ID NO:2). 

18. A polypeptide comprising the amino acid sequence set 
forth in Figure 25 (SEQ ID NO:4). 

19. The composition of claim 1, wherein each antigen- 
binding moiety comprises the antigen-binding portion 
of an antibody. 

20. The composition of claim 19, wherein each antigen- 
binding portion of the antibody is a Fab portion. 

21. The composition of claim 19, wherein the antibody is 
chimeric . 

22. The composition of claim 3, wherein the composition 
comprises a single polypeptide chain which forms the 
first and second antigen-binding moieties and the 
linker moiety. 

23. The composition of claim 22, wherein each of the 
first and second antigen-binding moieties further 
comprises a second polypeptide chain. 

24. A nucleic acid encoding a polypeptide comprising a 
first antigen-binding moiety and a second antigen- 
binding moiety operably affixed to one another via a t 
flexible linker moiety having a length of at least 
16 amino residues. 

25. The nucleic acid of claim 2 4 having the nucleotide 
sequence shown in- Figures 20-1 to 20-15 (SEQ ID 



26. The nucleic acid of claim 2 4 having the nucleotide 



NO:l) . 
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sequence shown in Figure 24 (SEQ ID NO:3). 



27. The nucleic acid of claim 24, wherein the nucleic 
acid is DNA or RNA. 

5 

28. The nucleic acid of claim 27, wherein the nucleic 
acid is DNA . 

29. The nucleic acid of claim 24, wherein the nucleic 
10 acid is an expression vector. 

30. The nucleic acid of claim 29, wherein the expression 
vector is selected from the group consisting of a 
plasmid, a cosmid, a bacteriophage and a eukaryotic 

15 virus. 

31. The nucleic acid of claim 30, wherein the eukaryotic 
virus is an adenovirus or a retrovirus. 

20 32. A host-vector system comprising a host cell 
transfected with the expression vector of claim 29. 

33. A method for producing a polypeptide comprising a 
first antigen-binding moiety and a second antigen- 

25 binding moiety operably affixed to one another via a 

flexible linker moiety having a length of at least 
16 amino residues, which method comprises (a) 
culturing the host-vector system of claim 32 under 
conditions permitting the expression of the 

30 polypeptide, and (b) recovering the polypeptide so 

expressed. 



35 



34. 



A composition of matter comprising (a) the 
composition of claim 1 and (b) a cell having on its 
surface the antigen to which the first antigen- 
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binding moiety specifically binds. 

35. The composition of claim 34, wherein the cell is a 
CD3+ cell and the first antigen-binding moiety 
specifically binds to CD3. 

36. The composition of claim 35, wherein the cell is a 
T-cell, the first antigen-binding moiety comprises 
the antigen-binding portion of the antibody 
designated OKT3, and the second antigen-binding 
moiety comprises the antigen-binding portion of the 
antibody designated GA733.2. 

37. The composition of claim 34, wherein the composition 
of (a) is present in a ratio of from about 5-500 ng 
per million cells of (b) . 

38. A method for increasing the activity of a CD3+ cell 
comprising contacting the cell with the composition 
of claim 1. 

39. A method for treating a subject afflicted with a 
disorder mediated by the presence of an abnormal 
cell, comprising administering to the subject (a) an 
agent known to ameliorate the disorder via contact 
with the abnormal cell, and (b) the composition of 
claim 1, wherein the first antigen-binding moiety 
specifically binds to an antigen present on the 
agent, and the second antigen-binding moiety 
specifically binds to an antigen present on the 
abnormal cell. 



35 



40. 



The method of claim 39, wherein the subject is 
selected from the group consisting of a cow, a 
horse, a sheep, a pig, a dog, a cat, a rabbit and a 
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primate . 



41. The method of claim 40, wherein the subject is a 
human . 

5 

42. The method of claim 39, wherein the disorder is a 
tumor: 

43. The method of claim 42, wherein the agent is a CD3+ 
10 cell, the first antigen-binding moiety specifically 

binds to CD3, and the second antigen-binding moiety 
specifically binds to EpCAM. 

44. The method of claim 39, wherein the composition 
15 comprises the polypeptide whose amino acid sequence 

is shown in Figures 20-1 to 20-15 (SEQ ID NO:2). 

45. The method of claim 39, wherein the composition 
comprises the polypeptide whose amino acid sequence 

20 is shown in Figure 25 (SEQ ID NO:4). 

46. A method for treating a subject afflicted with a 
tumor comprising administering to the subject (a) 
Interleukin-2 (IL-2), (b) T cells, and (c) the 

25 antibody designated E3Bi . 

47. The method of claim 46, wherein the T cells are 
activated T cells . 

30 48 . The method of claim 46, wherein the T cells are non- 
activated T cells. 



35 



49. 



The method of claim 46, wherein the subject is 
selected from the group consisting of a cow, a 
horse, a sheep, a pig, a dog, a cat, a rabbit and a 
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50. The method of claim 49, wherein the subject is a 
human . 

51. A kit for use in treating a subject afflicted with a 
disorder mediated by the presence of an abnormal 
cell, comprising (a) the composition of claim 1, 
wherein the first antigen-binding moiety 
specifically binds to an antigen present on an agent 
known to ameliorate the disorder and the second 
antigen-binding moiety specifically binds to an 

. antigen present on the abnormal cell, and ' (b) 
instructions for use. 

52. A kit for use in treating a subject afflicted with a 
disorder mediated by the presence of an abnormal 
cell, comprising (a) the composition of claim 1, and 
(b) the agent known to ameliorate the disorder. 

53. The kit of claim 51 or 52, wherein the composition 
of (a) comprises a polypeptide having the sequence 
shown in Figures 20-1 to 20-15 (SEQ ID N0:2) . 

25 54. The kit of claim 51 or 52, wherein the composition 
of (a) comprises a polypeptide having the sequence 
shown in Figure 25 (SEQ ID NO:4). 

55. A kit for use in treating a subject afflicted with a 
30 tumor comprising (a) Interleukin-2 (IL-2), (b) T 

cells, (c) the antibody designated E3Bi, and (d) 
instructions for use. 

56. The kit of claim 55, wherein the T cells are 
35 activated T cells. 
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57. The kit of claim 55, wherein the T cells are non- 
activated T cells. 
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FIGURE 2 
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FIGURE 4 



WO 03/090513 




PCT/US03/12772 



5/44 

FIGURE 5 
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FIGURE 6 
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FIGURE 10 
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FIGURE 20-1 

9 - 18 27 36 45 54 

AGC CCA CAA CCC CTC ACT CGG CGC GCC AGT CTT CCG ATA GAC TGC GTC GCC CGG 



SPQPLTRRASLPI D C V A R 

63 72 81 90 99 108 

GTA CCC GTA TTC CCA ATA AAG CCT CTT GCT GTT TGC ATC CGA ATC GTG GTC TCG 



VPVFPIKPLAVCIRIVVS 

117 126 135 144 153 162 

CTG TTC CTT GGG AGG GTC TCC TCT GAG TGA TTG ACT ACC CAC GAC GGG GGT CTT 



LFLGRVSSE*LTTHDGGL 

171 180 189 198 207 216 

TCA TTT GGG GGC TCG TCC GGG ATT TGG AGA CCC CTG CCC AGG GAC CAC CGA CCC 



S F G ' G S S . G IWRPLPRpHRP 

225 234 243 252 261 270 

ACC ACC GGG AGG TAA GCT GGC CAG CAA CCT ATC TGT GTC TGT CCG ATT GTC TAG 



TTGR*AGQQP 'ICVCP IV* 

279 288 297 306 315 324 

TGT CTA TGT TTG ATG TTA TGC GCC TGC GTC TGT ACT AGT TAG CTA ACT AGC TCT 



CLCLMLCACVCTS * LTSS 

333 342 351 360 369 378 

GTA TCT GGC GGA CCC GTG GTG GAA CTG ACG AGT TCT GAA CAC CCG GCC GCA ACC 



VSGGPVVELT SS E HPAAT 

387 396 405 414 423 432 

CAG GGA GAC GTC CCA GGG ACT TTG GGG GCC GTT TTT GTG GCC CGA CCT GAG GAA 



QGDV PGTLGAVFVARP EE 

441 450 459 468 477 486 

GGG AGT CGA TGT GGA ATC CGA CCC CGT CAG GAT ATG TGG TTC TGG TAG GAG ACG 



GSRCGIRPRQDMW FW *ET 

• 495 504 513 522 531 540 

AGA ACC TAA AAC AGT TCC CGC CTC CGT CTG AAT TTT TGC TTT CGG TTT GGA ACC 



R T * NS S RLRLNF C FR.FGT 
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549 ^ 55^A 567 576 £t 585 594 

GAA GCC GCG CGT CTT GTcWgC TGC AGC ATC G*jp E T " ( T7 1G 0^pD SS'^'S^^^ 

EAARLVCCSIVLCCLCLT 

603 612 621 630 639 648 

GTG TTT CTG TAT TTG TCT GAA AAT TAG GGC CAG ACT GTT ACC ACT CCC TTA AGT 

VFLYLSEN*GQTVTTPLS 

657 666 675 684 693 702 

TTG ACC TTA GGT CAC TGG AAA GAT GTC GAG CGG ATC GCT CAC AAC CAG TCG GTA 

LTLGHWKDVERIAHNQSV 

711 720 729 738 747 756 

GAT GTC AAG AAG AGA CGT TGG GTT ACC TTC TGC TCT GCA GAA TGG CCA ACC TTT 

DVKKRRWVTFCSAEWPTF 

765 774 783 792 801 810 

AAC GTC GGA TGG CCG CGA GAC GGC ACC TTT AAC CGA GAC CTC ATC ACC CAG GTT 

K V G W PRDGTFNRDL ITQV 

819 828 837 846 855 864 

AAG ATC AAG GTC TTT TCA CCT GGC CCG CAT GGA CAC CCA GAC CAG GTC CCC TAC 

KIKVFSPGPH -GHPDQVPY 

» 

873 862 8*91 900 909 918 

ATC GTG ACC TGG GAA GCC TTG GCT TTT GAC CCC CCT CCC TGG GTC AAG CCC TTT 

IVTWEALAFDPPPWVKPF 

927 936 945 954 963 972 

GTA CAC CCT AAG CCT CCG CCT CCT CTT CCT CCA TCC GCC CCG TCT CTC CCC CTT 

VHPKPPPPLPP SAPSLPL 

9B1 990 999 1008 1017 1026 

GAA CCT CCT CGT TCG ACC CCG CCT CGA TCC TCC CTT TAT CCA GCC CTC ACT CCT 

EPPRSTP-PRSSLYPALTP 

1035 1044 1053 1062 1071 1080 

TCT CTA GGC GCC GGA ATT CGC GGC CGT GAC AAG AGT TAC TAA CAG CCC CTC TCT 

SLGAGIRGRDKSY'QPLS 

1089 1098 1107 1116 1125 1134 

CCA AGC TCA CTT ACA GGC TCT CTA CTT AGT CCA GCA CGA AGT CTG GAG ACC TCT 
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FIGURE 20-3 ^ 22/44 

P S S L G A L L S PAR L E - B X- r -- J> S ::::n 

W pCT / UV 3/12/ /a 

1143 1152 1161 1170 1179 1188 

GGC GGC AGC CTA CCA AGA ACA ACT GGA CCG ACC GGT GGT ACC TCA CCC TTA CCG 

GGSLPRTTGPTGGTSPLP 

1197 1206 1215 1224 1233 1242 

AGT CGG CGA CAC AGT GTG GGT CCG CCG ACA CCA GAC TAA GAA CCT AGA ACC TCG 

SRRHSVGPPTPD*EPRT S 

1251 1260 1269 1278 1287 1296 

CTG GAA AGG ACC TTA CAC AGT CCT GCA GAC CAC CCC CAC CGC CCT CAA AGT AGA 

LERTLHSPADHPHRPQSR 

1305 1314 1323 1332 1341 1350 

CGG CAT CGC AGC TTG GAT ACA CGC CGC CCA CGT GAA GGC TGC CGA CCC CGG GGG 

RHRSLDTRRPRE-GCRPRG 

1359 1368 1377 1386 1395 1404 

TGG ACC ATC TCT AGA CTG ACG CGG CCG CTA CGT ACC ATG GAT TTT CAG GTG CAG 

WTISRLTRPLRTMDFQVQ 

1413 1422 1431 1440 1449 1458 

ATT TTC AGC TTC CTG CTA ATC AGT GCC TCA GTC ATA ATG TCT AGA GGG AGC ATT 

IFSFLLISASVIMSRGSI 

1467 1476 1485 1494 1503 1512 

GTA ATG ACC CAA TCT CAC AAA TTC ATG TCC ACA TCA GTA GGA GAC AGT GTC AGC 

VM'TQSHKFMS TSVGDSVS 

1521 1530 1539 1548 1557 1566 

ATC ACC TGC A AG GCC AGT CAG GAT GTG AGT ACT GCT GTA GCC TGG TAT CAA CAG 

ITCKASQDVSTAVAWYQQ 

1575 1584 1593 1602 1611 1620 

AAA CCA GGA CAA TCT CCT AAA CTA CTG ATT TAC TCG GCA TCC GAC CGG TAC ACT 

KPGQS PKLLI YSA.SDRYT 

1629 1638 1647 1656 1665 1674 

GGA GTC CCT GAT CGC TTC ACT GGC AGT GGA TCT GGG ACG GAT TTC ACT TTC ACC 

GVPDRFTGSGSGTD FTFT 

1683 1692 1701 1710 1719 1728 
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FIGURE 20-4 23/44 

ATC AGC AGT GTG CAG GCT^^A GAC CTG GCA GTT^TifcT ^tKC '^^jjj^^Ai? ^Zldir ^E'A'f ' T&'F" 

ISSVQAEDLAVYYCHQHY 

1737 1746 1755 1764 1773 1782 

ATT ACT CCT CGG ACG TTC GGT GGA GGC ACA AAG CTG GAA ATA AAA GGG TCG ACT 

ITPRT .PGGGTKLE2 KGST 

1791 1800 1809 1818 1827 1836 

TCC GGT AGC GGC AAA TCC TCT GAA GGC AAA GGT CAG GTC CAG CTG CAG CAG TCT 

SGSG KSSEGKGQVQLQQS 

1845 1854 1863 1872 1881 1890 

GGA GCT GAG GTG ATG AGG CCT GGG GCC TCA GTG AAG ATA TCC TGC AAG GCT ACT 

GAEVMRPGASVKI SCKAT 

1899 1908 1917 1926 1935 1944 

GGC TAC ACA TTC ACT AGG TAC TAC ATA CAA TGG GGT AAA AAC AGG CCT GGA CAT 

G'YTFTRYYIQWGKNRPGH 

1953 196*2 1971 1980 1989 1998 

GGC. CTT GAG TGG ATT GGA GAG ATT TTA CCT GGA ACT CTT ACT AAT TAC AAT GAG 

G^LEW I GEILPGTLTNYNE 

2007 2016 2025 2034 ■ 2043 2052 

AAA TTC AAG GGC AAG GCC GCA TTC ACT GCA GAT AGA TCC TCC AAC ACA GCC TAC 

KFKG KAAF T .AD R S S NTAY 

2061 2070 2079 2088 2097 2106 

ATG CAA CTC AGC AGC CTT ACA TCT GAG GAC TCT GCC GTC TAT TAC TGT GCA AGA 

MQLSSL TSEDSAVYYCAR 

2115 2124 2133 2142 2151 2160 

GAT GGT CCC TGG TTT GCT TAC TGG GGC CAA GGA ACC CTG GTC ACC GTC TCT GCA 

DGPWFAYWGQGTLVTVSA 

2169 2178 2187 2196 2205 2214 

GCG GAT CTG AGC AAC TCC ATC ATG TAC TTC AGC CAC TTC GTG CCG GTC TTC CTG 

ADLSNS I MYFS HFV PVFL 

2223 2232 2241 2250 2259 2268 

CCA GCG AAG CCC ACC ACG ACG CCA GCG CCG CGA CCA CCA ACA CCG GCG CCC ACC 



PAKPTT TPAP R P PT PAP 



WO 03/090513 




PCT/US03/12772 
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2277 2286 2295 2304 ^ Wfp l 3 23^22 

ATC GCG TCG CAG CCC CTG TCC CTG CGC CCA GAG f3(S5 Tfb<? fcib© lEfr/S ^CG^^O^Gifc^S, 



IAS 0 P LSLRPEACRPAAG 

2331 2340 2349 235B 2367 2376 

GGC GCA GTC CAC ACG AGG GGG CTG GAC TTC GCG GAT CCA CAG GTC CAG CTA CAG 



GAVHTRGLDFADPQVQLQ 

2385 2394 2403 2412 2421 2430 

CAG TCT GGG GCT GAA CTG GCA AGA CCT GGG GCC TCA GTG AAG ATG TCC TGC AAG 



QSGAE LARPGASVKMSCK 

2439 2448 2457 2466 2475 2484 

GCT TCT GGC TAC ACC TTT ACT AGG TAC ACG ATG CAC TGG GTA AAA CAG AGG CCT 



ASGYT FTRYTMHWVKQRP 

2493 2502 2511 2520 2529 2538 

GGA CAG GGT CTG GAA TGG ATT GGA TAC ATT AAT CCT AGC CGT GGT TAT ACT AAT 



G'QGLEW I G Y I NPSRGYTN 

2547 2556 2565 2574 2583 2592 

TAC AAT CAG AAG TTC AAG GAC AAG GCC ACA TTG ACT ACA GAC AAA TCC TCC AGC 



YNQKFKDKATLTTDKSSS 

2601 2610 2619 2628 2637 2646 

ACA GCC TAC ATG CAA CTG AGC AGC CTG ACA TCT GAG GAC TCT GCA GTC TAT TAC 



TAYMQLSSLTSEDSAVYY 

2655 2664 2673 26B2 2691 2700 

TGT GCA AGA TAT TAT GAT GAT CAT TAC TGC CTT GAC TAC TGG GGC CAA GGC ACC 



CARYYDDHYCLDYWGQGT 

2709 2718 2727 2736 2745 2754 

ACT CTC ACA GTC TCC TCA GGA TCT ACT TCA GGT AGC GGT AAA TCA TCT GAA GGT 



TLTVSSGSTSGSGKSSEG 

2763 2772 2781 2790 2799 2808 

AAA GGT CAG GTC CAG CAA ATT GTT CTC ACC CAG TCT CCA GCA ATC ATG TCT GCA 



KGQVQQIVLTQSPAIMSA 

2817 2826 2835 2844 2853 2862 

TCT CCA - GGG GAG AAG GTC ACC ATG ACC TGC AGT GCC AGC TCA AGT GTA AGT TAC 



• 
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FIGURE 20-6 25/44 



^ K v£ T M T C p C^/^utfe 



S P G E K V^T M T C f>C*T/Vlu3/l2?7B 

2871 2880 2889 2898 2907 2916 

ATG A AC TGG TAC CAG CAG AAG TCA GGC ACC TCC CCC AAA AG A TGG ATT TAT GAC 

MNWY QQKSGTSPKRWIYD 

2925 2934 2943 2952 2961 2970 

ACA TCC AAA CTG GCT TCT GGA GTC CCT GCT CAC TTC AGG GGC AGT GGG TCT GGG 

TSKLAS GVPAHFRG SGSG 

2979 2988 2997 3006 3015 3024 

ACC TCT TAC TCT CTC ACA ATC AGC GGC ATG GAG GCT GAA GAT GCT GCC ACT TAT 

TSYSLTISGMEAEDAATY 

3033 3042 3051 3060 3069 3078 

TAC TGC CAG CAG TGG AGT AGT AAC CCA TTC ACG TTC GGC TCG GGG ACA AAG TTG 

YCQQWS SNPFTFGSGTKL 

3087 3096 3105 3114 3123 3132 

GAA' ATA AAC CGG CAC CAT CAC CAT CAC CAT TAG ACT CGA GGA TCA ATT CCG CCC 

EINRHHHHHH*TRGSIPP 

3141 3150 3159 3168 3177 3186 

CTC TCC CTC CCC CCC CCC TAA CGT TAC TGG CCG AAG CCG CTT GGA ATA AGG CCG 

LSLPPP * RYWPKPLGIRP 

3195 3204 3213 3222 3231 3240 

GTG TGC GTT TGT CTA TAT GTT ATT TTC CAC CAT ATT GCC GTC TTT TGG CAA TGT 

VCVCLYVIF HHIAVFWQC 

3249 3258 3267 3276 3285 3294 

GAG GGC CCG GAA ACC TGG CCC TGT CTT CTT GAC GAG CAT TCC TAG GGG TCT TTC 

EGPETWFCLLDEHS * G S F 

3303 3312 3321 3330 3339 3348 

ccc tct cgc caa agg aat gca agg tct gtt gaa tgt cgt gaa gga agc agt tcc 
psrqrna'rsvecregsss 

3357 3366 3375 3384 3393 3402 

TCT GGA AGC TTC TTG AAG ACA AAC AAC GTC TGT AGC GAC CCT TTG CAG GCA GCG 



SGSFLKTNNVCSD PLQAA 
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3411 3420A 3429 3438 A|447 3456 

GAA CCC CCC ACC TGG CGAWG GTG CCT CTG CGGp££A -jjUVJt ^^Ajf^ gJ^'^Ajjj 

EPPTWRQVPLRPKATCIR 

3465 3474 3483 3492 3501 3510 

TAC ACC TGC AAA GGC GGC ACA ACC CCA GTG CCA CGT TGT GAG TTG GAT AGT TGT 

YT.CKGGTTPVPRCELDSC 

3519 3528 3537 3546 3555 3564 

GGA AAG AGT CAA ATG GCT CTC CTC AAG CGT ATT CAA CAA GGG GCT GAA GGA TGC 

GKSQMALLKRIQQGAEGC 

3573 3582 3591 3600 3609 3618 

CCA GAA GGT ACC CCA TTG TAT GGG ATC TGA TCT GGG GCC TCG GTG CAC ATG CTT 

PEGTPLYGI * SGASVHML 

3627 " 3636 3645 3654 3663 3672 

TAC ATG TGT TTA GTC GAG GTT AAA AAA CGT CTA GGC CCC CCG AAC CAC GGG GAC 

Y MCLVEVKKRLG PPNHGD 

3681 3690 3699 3708 3717 3726 

GTG GTT TTC CTT TGA AAA ACA CGA TAA TAC CAT GGG AAT TCA AGA TGG ATT GCA 

VVFL* K T . R* * YHGNSRW I A 

3735 3744 3753 3762 3771 3780 

CGC AGG TTC TCC GGC CGC TTG GGT GGA GAG GCT ATT CGG CTA TGA CTG GGC ACA 

RRFSGRIjGGEAIRL*LGT 

3789 3798 3807 3816 3825 3834 

ACA GAC AAT CGG CTG CTC TGA TGC CGC CGT GTT CCG GCT GTC AGC GCA GGG GCG 

TDNRLL*CRRVPAVSAGA 

3843 3852 3861 3870 3879 3888 

CCC GGT TCT TTT TGT CAA GAC CGA CCT GTC CGG TGC CCT GAA TGA ACT GCA GGA 

PGSFCQDRPVRCPE *TAG 

3897 3906 3915 3924 3933# 3942 

CGA GGC AGC GCG GCT ATC GTG GCT GGC CAC GAC GGG CGT TCC TTG CGC AGC TGT 

RGSAA IVAGHDGRSLRS'C 

3951 3960 3969 3978 3987 3996 

GCT CGA CGT TGT CAC TGA AGC GGG AAG GGA CTG GCT GCT ATT GGG CGA AGT GCC 



# 
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A R R C H ^ G K G L A A G R S A 

4005 4014 4023 4032 4041 4050 

GGG GCA GGA TCT CCT GTC ATC TCA CCT TGC TCC TGC CGA GAA AGT ATC CAT CAT 

GAGSPVISPCSCRESIHH 

4059 4068 4077 4086 4095 4104 

GGC TGA TGC AAT GCG GCG GCT GCA TAC GCT TGA TCC GGC TAC CTG CCC ATT CGA 

G* CNAAAAYA * SGYLPIR 

4113 4122 4131 4140 4149 4158 

CCA CCA AGC GAA ACA TCG CAT CGA GCG AGC ACG TAC TCG GAT GGA AGC CGGTCT 



PPSETSHRASTYSDGSRS 



4167 4176 4185 4194 42.03 4212 

TGT CGA TCA GGA TGA TCT GGA CGA AGA GCA TCA GGG GCT CGC GCC AGC CGA ACT 



CRSG* SGRRASGARASRT 

4221 4230 4239 424.8 4257 4266 

GTT CGC CAG GCT CAA GGC GCG CAT GCC CGA CGG CGA GGA TCT CGT CGT GAC CCA 



VRQAQGAHARRRGSRRDP 



4275 4284 4293 -4 3 02 4311 4320 

TGG CGA TGC CTG CTT GCC GAA TAT CAT GGT GGA AAA TGG CCG CTT TTC TGG ATT 

WRCLIiAEYHGGKWPLFWl 

4329 4338 4347 4356 4365 4374 

CAT CGA CTG TGG CCG GCT GGG TGT GGC GGA CCG CTA TCA GGA CAT AGC GTT GGC 

HR1>WPAGC<5G PLSGHSVG 



4383 4392 4401 4410 4419 4428 

TAC CCG TGA TAT TGC TGA AGA GCT TGG CGG CGA ATG GGC TGA CCG CTT CCT CGT 

YP* YC*RAWRRMG* PLPR 

4437 4446 4455 4464 4473 4482 

GCT TTA CGG TAT CGC CGC TCC CGA TTC GCA GCG CAT CGC CTT CTA TCG CCT TCT 

ALRYRRSRPAAHRLLSPS 

4491 4500 4509 4518 4527 4536 

TGA CGA GTT CTT CTG AGC GGG ACT CTG GGG ATC CGA TAA AAT AAA AGA TTT TAT 

♦RVLLSGTLGIR * NKRFY 

4545 4554 4563 4572 4581 4590 



# 
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FIGURE 20-9 28/44 

TTA GTC TCC AGA AAA AGG^G GAA TGA AAG ACC CCA CCT CjQ GGT TTG GCA AGC 

L V S R K RG E * KTP PV G LA S 

4599 4608 4617 4626 4635 4644 

TAG CTT AAG TAA CGC CAT TTT GCA AGG CAT GGA AAA ATA CAT AAC TGA GAA TAG 

LK*R-HFARHGKIHN*E* 

4653 4662 4671 4680 4689 4698 

AGA AGT TCA GAT CAA GGT CAG GAA CAG ATG GAA CAG CTG AAT ATG GGC CAA ACA 

R SSDQGQEQMEQLNMGQT 

4707 4716 4725 4734 4743 4752 

GGA TAT CTG TGG TAA GCA GTT CCT GCC CCG GCT CAG GGC CAA GAA CAG ATG GAA 

GYL W*AVPAPAQGQEQME 

4761 4770 4779 4788 4797 4806 

CAG CTG AAT ATG GGC CAA ACA GGA TAT CTG TGG TAA GCA GTT CCT GCC CCG GCT 



Q LNMGQTGYLW* 



A V PAPA 



4815 4824 4833 4842 4851 4860 

CAG GGC CAA GAA CAG ATG GTC CCC AGA TGC GGT CCA GCC CTC AGC AGT TTC TAG 

qGQEQMVPRCGPALSSF* 

4869 4878 4887 4896 4905 4914 

AGA ACC ATC AGA TGT TTC CAG GGT GCC CCA AGG ACC TGA AAT GAC CCT GTG CCT 

RT IRCFQ.G APRT*NDPVP 

4923 4932 4941 4950 4959 4968 

TAT TTG AAC TAA CCA ATC AGT TCG CTT CTC GCT TCT GTT CGC GCG CTT CTG CTC 

y L N * PISSLLASVRALLL 

4977 4986 4995 5004 5013 5022 

CCC GAG CTC AAT AAA AGA GCC CAC AAC CCC TCA CTC GGG GCG CCA GTC CTC CGA 

pELN KRAHNPSLGA PVLR 

5031 5040 5049 5058 5067 5076 

TTG ACT GAG TCG CCC GGG TAC CCG TGT ATC CAA TAA ACC CTC TTG CAG TTG CAT 

L TESPGYPCIQ*TLLQLH 

5085 5094 5103 5112 5121 5130 

CCG ACT TGT GGT CTC GCT GTT CCT TGG GAG GGT CTC CTC TGA GTG ATT GAC TAC 

pTCGLAV PWEGLL* VIDY 
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5139 514§^ 5157 5166 ^Fsi75 5184 

CCG TCA GCG GGG GTC TTT CAT TTG GGG GCT CGT CCG GGA TCG GGA GAC CCC TGC 



PSAGVFHLGARPGSGDPC 

5193 5202 5211 5220 5229 5238 

CCA GGG ACC ACC GAC CCA CCA CCG GGA GGT AAG CTG GCT GCC TCG CGC GTT TCG 



PGTTDPPPGGKLAAS R V S 

5247 * 5256 5265 5274 5283 5292 

GTG ATG ACG GTG AAA ACC TCT GAC ACA TGC AGC TCC CGG AGA CGG TCA CAG CTT 



VMTVKTSDTCSSRRRSQL 

5301 5310 5319 5328 5337 5346 

GTC TGT AAG CGG ATG CCG GGA GCA GAC AAG CCC GTC AGG GCG CGT CAG CGG GTG 



VCK R MPGADKPV^RARQRV 

5355 5364 5373 5382 5331 5400 

TTG GCG GGT GTC GGG GCG CAG CCA TGA CCC AGT CAC GTAGCG ATA GCG GAG TGT 



LAGVGAQP* PSHVAI AEC 

5409 5418 5427 5436 5445 5454 

ATA CTG GCT TAA CTA TGC GGC ATC AGA GCA GAT TGT ACT GAG AGT GCA CCA TAT 



I L A * LCGIR ADCTE SAPY 

5463 5472 54B1 5490 5499 5508 

GCG GTG TGA AAT ACC GCA CAG ATG CGT AAG GAG AAA ATA CCG CAT CAG GCG CTC 

A V * NTAQMRK. EKIPHQAL 

5517 5526 5535 5544 5553 5562 

TTC CGC TTC CTC GCT CAC TGA CTC GCT GCG CTC GGT CGT TCG GCT GCG GCG AGC 



FRF XiAH * LAALGRSAAAS 

5571 5580 5589 559B 5607 5616 

GGT ATC AGC TCA CTC AAA GGC GGT AAT ACG GTT ATC CAC AGA ATC AGG GGA TAA 



GISSLKGGNTVIHRIRG* 

5625 5634 5643 5652 5661 5670 

CGC AGG AAA GAA CAT GTG AGC AAA AGG CCA GCA AAA GGC CAG GAA CCG TAA AAA 



RRKEHVSKRPAKGQE P * K 

5679 5688 5697 5706 5715 5724 

GGC CGC GTT GCT GGC GTT TTT CCA TAG GCT CCG CCC CCC TGA CGA GCA TCA CAA 
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FIGURE 20-11 30/44 ^ 

G R V A G V P * A P P P R A S Q 

• 5733 5742 5751 5760 5769 5778 

AAA TCG ACG CTC AAG TCA GAG GTG GCG AAA CCC GAC AGG ACT ATA AAG ATA CCA 



KST LKSEVAKPDRTI KI P 

5787 5796 5805 5814 5823 5832 

GGC GTT TCC CCC TGG AAG CTC CCT CGT GCG CTC TCC TGT TCC GAC CCT GCC GCT 



GVS PWKLPRALSCS DPAA 

5841 5850 5859 5868 5877 5886 

TAC CGG ATA CCT GTC CGC CTT TCT CCC TTC GGG AAG CGT GGC GCT TTC TCA ATG 



y R I PVRLS PFGKRGAFSM 

5895 5904 5913 5922 5931 5940 

CTC ACG CTG TAG GTA TCT CAG TTC GGT GTA GGT CGT TCG CTC CAA GCT GGG CTG 



X, T L * VSQFGVGR SLQAGL 

5949 5958 5967 5976 5985 5994 

TGT GCA CGA ACC CCC CGT TCA GCC CGA CCG CTG CGC CTT ATC CGG TAA CTA TCG 



CARTPRSARPLRLIR* LS 

6003 6012 6021 6030 6039 6048 

TCT TGA GTC CAA CCC GGT AAG ACA CGA CTT ATC GCC ACT GGC AGC AGC CAC TGG 



S *VQ PGKTRLIATGS SHW - 

6057 6066 6075 6084 6093 6102 

TAA CAG GAT TAG CAG AGC GAG GTA TGT AGG CGG TGC TAC AGA GTT CTT GAA GTG 



* Q D * QSEVCRRCYRVLEV 

6111 6120 6129 6138 6147 6156 

GTG GCC TAA CTA CGG CTA CAC TAG AAG GAC AGT ATT TGG TAT CTG CGC TCT GCT 



V A * LRLH * KDSIWY LRSA 

6165 6174 6183 6192 6201 6210 

GAA GCC AGT TAC CTT CGG AAA AAG AGT TGG TAG CTC TTG ATC CGG CAA ACA AAC 



EASYLRKKSW* LLIRQTN 

6219 6228 6237 6246 6255 6264 

CAC CGC TGG TAG CGG TGG TTT TTT TGT TTG CAA GCA GCA GAT TAC GCG CAG AAA 



HRW * RWFFCLQAADYAQK 
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6273 6282 A 6291 6300 J*3 0 9 6316 

AAA AGG ATC TCA AGA AGA ^TC TTT GAT CTT TTC TAC GGG G7^PtGA CGC TCA GTG 

KRISRRSFDLFYGV*RSV 



6327 6336. 6345 6354 6363 6372 

GAA CGA AAA CTC ACG TTA AGG GAT TTT GGT CAT GAG ATT ATC AAA AAG GAT CTT 

ERKLTLRDFGHEIIKKDL 

6381 6390 6399 6408 6417 6426 

CAC CTA GAT CCT TTT AAA TTA AAA ATG AAG TTT TAA ATC AAT CTA AAG TAT ATA 

HLDPFKLKMKF*INLKYI 

6435 6444 6453 6462 6471 6480 

TGA GTA AAC TTG GTC TGA CAG TTA CCA ATG CTT AAT CAG TGA GGC ACC TAT CTC 

*VNLV*QLPMLNQ* GTYL 

6489 6498 6507 6516 6525 6534 

AGC GAT CTG TCT ATT TCG TTC ATC CAT AGT TGC CTG ACT CCC CGT CGT GTA GAT 

SDLSISFIHSCLTPRRVD 

6543 6552 6561 6570 6579 6588' 

AAC TAC GAT ACG GGA GGG CTT ACC ATC TGG CCC CAG TGC TGC AAT GAT ACC GCG 

NYDTGGLTIWPOCCNDTA 

6597 6606 6615 6624 6633 6642 

AGA CCC ACG CTC ACC GGC TCC AGA TTT ATC AGC AAT AAA CCA GCC AGC CGG AAG 

RPTLTGSRFJSNKPASRK 

6651 6660 6669 6678 6687 6696 

GGC CGA GCG CAG AAG TGG TCC TGC AAC TTT ATC CGC CTC CAT CCA GTC TAT TAA 

GRAQKWSCNFIRLHPVY* 

6705 6714 6723 6732 6741 6750 

TTG TTG CCG GGA AGC TAG AGT AAG TAG TTC GCC AGT TAA TAG TTT GCG CAA CGT 



LLPGS*SK*FAS* * F A Q R 

6759 6768 6777 6786 6795 6804 

TGT TGC CAT TGC TGC AGG CAT CGT GGT GTC ACG CTC GTC GTT TGG TAT GGC TTC 



CCHCCRHRGV TLVVWY 



6813 6822 6831 6840 6849 6858 

ATT CAG CTC CGG TTC- CCA ACG ATC AAG GCG AGT TAC ATG ATC CCC CAT GTT GTG 
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6867 6876 ..6885 6894 6903 6912 

CAA AAA AGC GGT TAG CTC CTT CGG TCC TCC GAT CGT TGT CAG AAG TAA GTT GGC 



QKSG* LLRSSDRCQK*VG 

6921 6930 6939 6948 6957 6966 

CGC AGT GTT ATC ACT CAT GGT TAT GGC AGC ACT GCA TAA TTC TCT TAC TGT CAT 



RSVITHG YGSTA* FSYCH. 

6975 6984 6993 7002 7011 7020 

GCC ATC CGT AAG ATG CTT TTC TGT GAC TGG TGA GTA CTC AAC CAA GTC ATT CTG 



AIRKMLFCDW*VLNQVIL 

7029 7038 7047 7056 7065 7074 

AGA ATA GTG TAT GCG GCG ACC GAG TTG CTC TTG CCC GGC GTC AAC ACG GGA TAA 



RIVYAAT ELLLPGVNTG* 

7083 7092 7101 71X0 7119 7128 

TAC CGC GCC ACA TAG CAG AAC TTT AAA AGT GCT CAT CAT TGG AAA ACG TTC TTC 



Y R A T * QN FKSAHHW KTFF 

7137 7146 7155 7164 7173 7182 

GGG GCG AAA ACT CTC AAG GAT CTT ACC GCT GTT GAG ATC CAG TTC GAT GTA ACC 



GAKTLKDLTAVE I Q FDVT 

7191. 7200 7209 7218 7227 7236 

CAC TCG TGC ACC CAA CTG ATC TTC AGC ATC TTT TAC TTT CAC CAG CGT TTC TGG 



HSCTQLI FSIFYFHQRFW 

7245 7254 7263 7272 7281 7290 

GTG AGC AAA AAC AGG AAG GCA AAA TGC CGC AAA AAA GGG AAT AAG GGC GAC ACG 



VSKNRKA KCRKKGN KGDT 

7299 7308 7317 7326 7335 7344 

GAA ATG TTG AAT ACT CAT ACT CTT CCT TTT TCA ATA TTA TTG AAG CAT TTA TCA 

EMLNTHTLPFSI LLKHLS 

7353 7362 7371 7380 7389 7398 

GGG TTA TTG TCT CAT GAG CGG ATA CAT ATT TGA ATG TAT TTA GAA AAA TAA ACA 



GLLSHERIHI*MYLEK*T 
7407 7416 7425 7434 7443 7452 
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AAT AGG GGT TCC GCG CAC^|t TCC CCG AAA AGT GCC ACC CGT CTA AGA A AC 

NRGSAHISPKSAT* R L R N 

7461 7470 7479 7486 7497 7506 

CAT TAT TAT CAT GAC ATT AAC CTA TAA AAA TAG GCG • TAT CAC GAG GCC CTT TCG 

HYYHDIN L*K*AYHEALS 

7515 7524 7533 7542 7551 7560 

TCT TCA AGA ATT CAT ACC AGA TCA CCG AAA ACT GTC CTC CAA ATG TGT CCC CCT 

SSRIHTRSPKTVLQMCPP 

7569 7578 7587 7596 7605 7614 

CAC ACT CCC AAA TTC GCG GGC TTC TGC TCT TAG ACC ACT CTA CCC TAT TCC CCA 

HTPKFAGFCS * T T L PYS P 

7623 7632 7641 7650 7659 7668 

CAC TCA CCG GAG CCA AAG CCG CGG CCC TTC CGT TTC TTT GCT TTT GAA AGA CCC 

HSPEPKPRPFRFFAFERP 

7677 7686 7695 7704 7713 7722 

CAC CCG TAG GTG GCA AGC TAG CTT AAG TAA CGC CAC TTT GCA ; AGG CAT GGA AAA 

hp*vas*lk*rhfArhgk 

7731 7740 7749 7758 7767 7776 

ATA CAT AAC TGA GAA TAG GAA AGT TCA GAT CAA GGT CAG GAA CAA AGA AAC AGC 

IHN*E*ESSDQGQEQRNS 

7785 7794 7803 7812 7821 7830 

TGA ATA CCA AAC AGG ATA TCT GTG. GTA AGC GGT TCC TGC CCC GGC TCA GGG CCA 

IPNRISVVSGSCPGSGP 

7839 7848 7857 7866 7875 7884 

AGA ACA GAT GAG ACA GCT GAG TGA TGG GCC AAA CAG GAT ATC TGT GGT AAG CAG 

RTDETAE*WAKQDI C G K Q 

7893 7902 7911 7920 7929 7938 

TTC CTG CCC CGG CTC GGG GCC AAG AAC AGA TGG TCC CCA GAT GCG GTC CAG CCC 

FLPRLGAKNRWS PDAVQP 

7947 7956 7965 7974 7983 7992 

TCA GCA GTT TCT AGT GAA TCA TCA GAT GTT TCC AGG GTG CCC CAA GGA CCT GAA 

SAVSSESSDVSRVPQGPE 
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8001 80lJB 8019 8028 ^8037 8046 

AAT GAC CCT GTA CCT TAT TTG AAC TAA CCA ATC ACT TCG CTT CTC GCT TCT GTT 



N 



N 



8055 8064 8073 

CGC GCG CTT CCG CTC TCC GAG CTC AAT AAA AG 3 



Al>F LSELNK 
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Figure 9. E3Bi induces ATC to produce significant tumor growth delay in mice. SCID-Beige mice bearing 
LS174T xenografts were treated i.L with IL-2 (n=6), or IL-2/ATC (n=8), or IL-2/ATC/E3Bi (n=6) beginning 
when tumor volumes of mice reached approximately 0.5 cc. Tumor growth delay is reported as the mean 
number of days (±SD) for tumor volumes of mice from each treatment group to reach 2 cc. P =0.0034 is the 
probability by Kruskal-Wallis non-parametric analysis that tumor growth delay is the same for all treatment 
groups. P < 0.01 is the probability by Dunn's multiple comparison analysis that treatment with IL-2/ATC/E3BI 
produces the same tumor growth delay in mice as treatment with IL-2 alone; P>0.05 for IL-2/ATC atone. 
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FIGURE 24 



E3Bi cDNA Sequence 



ATGGATTTTC AGGTGCAGAT TTTCAGCTTC CTGCTAATCA GTGCCTCAGT CATAATGTCT 
AGAGGGAGCA TTGTAATGAC CCAATCTCAC AAATTCATGT CCACATCAGT AGGAGACAGT 
GTCAGCATCA CCTGCAAGGC CAGTCAGGAT GTGAGTACTG CTGTAGCCTG GTATCAACAG 
AAACCAGGAC AATCTCCTAA ACTACTGATT TACTCGGCAT CCGACCGGTA CACTGGAGTC 
CCTGATCGCT TCACTGGCAG TGGATCTGGG ACGGATTTCA CTTTCACCAT CAGCAGTGTG 
CAGGCTGAAG ACCTGGCAGT TTATTACTGT CACCAACATT ATATTACTCC TCGGACGTTC 
GGTGGAGGCA CAAAGCTGGA AATAAAAGGG TCGACTTCCG GTAGCGGCAA ATCCTCTGAA 
GGCAAAGGTC AGGTCCAGCT GCAGCAGTCT GGAGCTGAGG TGATGAGGCC TGGGGCCTCA 
GTGAAGATAT CCTGCAAGGC TACTGGCTAC ACATTCACTA GGTACTACAT ACAATGGGGT 
AAAAACAGGC CTGGACATGG CCTTGAGTGG ATTGGAGAGA TTTTACCTGG AACTCTTACT 
AATTACAATG AGAAATTCAA GGGCAAGGCC GCATTCACTG CAGATAGATC CTCCAACACA 
GCCTACATGC AACTCAGCAG CCTTACATCT GAGGACTCTG CCGTCTATTA CTGTGCAAGA 
GATGGTCCCT GGTTTGCTTA CTGGGGCCAA GGAACCCTGG TCACCGTCTC TGCAGCGGAT 
CTGAGCAACT CCATCATGTA CTTCAGCCAC TTCGTGCCGG TCTTCCTGCC AGCGAAGCCC 
ACCACGACGC CAGCGCCGCG ACCACCAACA CCGGCGCCCA CCATCGCGTC GCAGCCCCTG 
TCCCTGCGCC CAGAGGCGTG CCGGCCAGCG GCGGGGGGCG CAGTCCACAC GAGGGGGCTG 
GACTTCGCGG ATCCACAGGT CCAGCTACAG CAGTCTGGGG CTGAACTGGC AAGACCTGGG 
GCCTCAGTGA AGATGTCCTG CAAGGCTTCT GGCTACACCT TTACTAGGTA CACGATGCAC 
TGGGTAAAAC AGAGGCCTGG ACAGGGTCTG GAATGGATTG GATACATTAA TCCTAGCCGT 
GGTTATACTA ATTACAATCA GAAGTTCAAG GACAAGGCCA CATTGACTAC AGACAAATCC 
TCCAGCACAG CCTACATGCA ACTGAGCAGC CTGACATCTG AGGACTCTGC AGTCTATTAC 
TGTGCAAGAT ATTATGATGA TCATTACTGC CTTGACTACT GGGGCCAAGG CACCACTCTC 
ACAGTCTCCT CAGGATCTAC TTCAGGTAGC GGTAAATCAT CTGAAGGTAA AGGTCAGGTC 
CTCCAAATTG TTCTCACCCA GTCTCCAGCA ATCATGTCTG CATCTCCAGG GGAGAAGGTC 
ACCATGACCT GCAGTGCCAG CTCAAGTGTA AGTTACATGA ACTGGTACCA GCAGAAGTCA 
GGCACCTCCC CCAAAAGATG GATTTATGAC ACATCCAAAC TGGCTTCTGG AGTCCCTGCT 
CACTTCAGGG GCAGTGGGTC TGGGACCTCT TACTCTCTCA CAATCAGCGG CATGGAGGCT 
GAAGATGCTG CCACTTATTA CTGCCAGCAG TGGAGTAGTA ACCCATTCAC GTTCGGCTCG 
GGGACAAAGT TGGAAATAAA CCGGCACCAT CACCATCACC ATTAGACTCG A 
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Protein sequence of E3Bi 



MDPQVQIFSFLLISASVIMSRGSIVMTQSHKEMSTSVGDSVSITCKASQDVSTAVAWYQQ 
KPGQSPKLLIYSASDRYTGVPDRFTGSGSGTDFTFTISSVQAEDLAVYYCHQHYITPRTF 
GGGTKLE IKGSTSGSGKS SE GKGQVQLQQS GAEVMRPGASVKI SCKATGYTFTRYYIQWG 
KNRP GH GLEWI GE I L PGTLTNYNEKFKGKAAFT ADRS SNTAYMQL S S LT SED SAVY YCAR 
DGPWFAYWGQGTLVTVSAADLSNSIMYFSHFVPVFLPAKPTTTPAPRPPTPAPTIASQPL 
S LRPEACRPAAGGAVHTRGLDFADPQVQI^QSGAELARPGASVKMSCKAS^^ 
WVKQRPGQGLEWIGYINPSRGYTNYNQKFKDKATLTTDKS S STAYMQLS SLTSEDSAVYY 
CARYYDDHYCLDYWGQGTTLTVSSGSTSGSGKSSEGKGQVLQIVLTQSPAIMSASPGEKV 
TMTCSASSSVSYMNWYQQKSGTSPKRWIYDTSKIiASGVPAHFRGSGSGTSYSLTISGMEA 
EDAAT YYCQQWS SNPFTFGSGTKLEINRHHHHHH* 
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The Sequence of pE3Bi 



residue sequence starting "AGCCCACAAC ") 



IS PQPLTRRASLPI DCVARVP 

1 AGCCCACAACCCCTCACTCGGCGCGCCAGTCTTCCGATAGACTGCGTCGCCCGGGTACCC 

21 V FP IKPLAVCI RI VVSLFLG 

61 GTATTCCCAATAAAGCCTCTTGCTGTTTGCATCCGAATCGTGGTCTCGCTGTTCCTTGGG 

41 R V S SE*LTTHDGGLSFGGSS 

121 AGGjSTCTCCTCTGAGTGATTGACTACCCACGACGGGGGTCTTTCATTTGGGGGCTCGTCC 

61 G I WRPLPRDHRPTTGR* A GQ 

181 GGGATTTGGAGACCCCTGCCCAGGGACCACCGACCCACCACCGGGAGGT AAGCTGGCCAG 
■81QPICVCPIV*CLCLMLCACV 

241 CAACCTATCTGTGTCTGTCCGATTGTCTAGTGTCTATGTTTGATGTTATGCGCCTGCGTC 

101 CTS*LTSSVSGGPVVELTSS 

301 TGTACTAGTTAGCTAACTAGCTCTGTATCTGGCGGACCCGTGGTGGAACTGACGAGTTCT 

121 EHPAATQGDVPGTLGAVFVA 

361 GAACACCCGGCCGCAACCCAGGGAGACGTCCCAGGGACTTTGGGGGCCGTTTTTGTGGCC 

141 RPEEGSRCGIRPRQDMWFW* 

421 CGACCTGAGGAAGGGAGTCGATGTGGAATCCGACCCCGTCAGGATATGTGGTTCTGGT AG 

161 ETRT*NSSRLRLWFCFRFGT 

4 81 GAGACGAGAACCTAAAACAGTTCCCGCCTCCGTCTGAATTTTTGCTTTCGGTTTGGAACC 

181 EAARLVCCSIVLCCLCLTVF 

541 GAAGCCGCGCGTCTTGTCTGCTGCAGCATCGTTCTGTGTTGTCTCTGTCTGACTGTGTTT 

201 LYLSEN*GQTVTTPLSLTLG 

601 CTGTATTTGTCTGAAAATTAGGGCCAGACTGTTACCACTCCCTTAAGTTTGACCTTAGGT 

221 HWKDVERIAHNQSVDVKKRR 

661 CACTGGAAAGATGTCGAGCGGATCGCTCACAACCAGTCGGTAGATGTCAAGAAGAGACGT 

241 WVT FCSAEWPTFNVGWPRDG 

721 TGGGTTACCTTCTGCTCTGCAGAATGGCCAACCTTTAACGTCGGATGGCCGCGAGACGGC 

261 T FNRDLI TQVKI KVFSPG PH 

781 ACCTTTAACCGAGACCTCATCACCCAGGTTAAGATCAAGGTCTTTTCACCTGGCCCGCAT 

281 GHPDQVFYIVTWEALAFDPP 

841 GGACACCCAGACCAGGTCCCCTACATCGTGACCTGGGAAGCCTTGGCTTTTGACCCCCCT 

301 PWVKPFVHPKPPPPLPFSAP 

901 CCCTGGGTCAAGCCCTTTGTACACCCTAAGCCTCCGCCTCCTCTTCCTCCATCCGCCCCG 
321SLPLEPPRSTPPRSSLYPAL 

961 TCTCTCCCCCTTGAACCTCCTCGTTCGACCCCGCCTCGATCCTCCCTTTATCCAGCCCTC 
34 IT PS LGAG I RGR DKS Y * QPLS 

1021 ACTCCTTCTCTAGGCGCCGGAATTCGCGGCCGTGACAAGAGTTACTAACAGCCCCTCTCT 

361 PSSLTGSLLSPARSLETSGG 

1081 CCAAGCTCACTTACAGGCTCTCTACTTAGTCCAGCACGAAGTCTGGAGACCTCTGGCGGC 

381 SLPRTTGPTGGTS PLPSRRH 

1141 AGCCTACCAAGAACAACTGGACCGACCGGTGGTACCTCACCCTTACCGAGTCGGCGACAC 

401 SVGPPTPD*EPRTSLERTLH 

1201 AGTGTGGGTCCGCCGACACCAGACTAAGAACCTAGAACCTCGCTGGAAAGGACCTTACAC 

421 SPADHPHRPQSRRHRSLDTR 

1261 AGTCCTGCAGACCACCCCCACCGCCCTCAAAGTAGACGGCATCGCAGCTTGGATACACGC 

441 R P R E GC'R P RGW T I S RLT R PL 

1321 CGCCCACGTGAAGGCTGCCGACCCCGGGGGTGGACCATCTCTAGACTGACGCGGCCGCTA 

461 RTM DFQVQI FSFLLISASVI 

1381 CGTACCATGGATTTTCAGGTGCAGATTTTCAGCTTCCTGCTAATCAGTGCCTCAGTCATA 

481 MSRGSIVMTQSHKFMSTSVG 

14 41 ATGTCTAGAGGGAGCATTGTAATGACCCAATCTCACAAATTCATGTCCACATCAGTAGGA 

501 DSVSITCKASQDVSTAVAWY 

1501 GACAGTGTCAGCATCACCTGCAAGGCCAGTCAGGATGTGAGTACTGCTGTAGCCTGGTAT 

521 QQKPGQSPKLLI VSASDRYT 
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1561 CAACAGAAACCAGGACAATCTCCTAAACTACTGATTTACTCGGCATCCGACCGGTACACT 
54 1G V P DRFTG S'G S G T DFT F T I S 

1621 GGAGTCCCTGATCGCTTCACTGGCAGTGGATCTGGGACGGATTTCACTTTCACCATCAGC 
561 SVQAEDLAVYYCHQHYI TPR 

1681 AGTGTGCAGGCTGAAGACCTGGCAGTTTATTACTGTCACCAACATTATATTACTCCTCGG 
58 IT FGGGTKLEIKGSTSGSGKS 

17 41 ACGTTCGGTGGAGGCACAAAGCTGGAAATAAAAGGGTCGACTTCCGGTAGCGGCAAATCC 
601 SEGKGQVQLQQSGAEVMRPG 

1801 TCTGAAGGCAAAGGTCAGGTCCAGCTGCAGCAGTCTGGAGCTGAGGTGATGAGGCCTGGG 
621 ASVKISCKATGYTFTRYYIQ 

18 61 GCCTCAGTGAAGATATCCTGCAAGGCTACTGGCTACACATTCACTAGGTACTACATACAA 
641 W G KNRPG H GL EW I G EI L PG T 

1921 TGGGGTAAAAACAGGCCTGGACATGGCCTTGAGTGGATTGGAGAGATTTTACCTGGAACT 

661 LTNYNEKFKGKAAFTADRSS 
1981 CTTACTAATTACA^TGAGAAATTCAAGGGCAAGGCCGCATTCACTGCAGATAGATCCTCC 

681 NTAYMQLSSLTSEDSAVYYC 
2041 AACACAGCCTACATGCAACTCAGCAGCCTTACATCTGAGGACTCTGCCGTCTATTACTGT 

701 ARDGPWFAYWGQGTLVTVSA 
2101 GCAAGAGATGGTCCCTGGTTTGCTTACTGGGGCCAAGGAACCCTGGTCACCGTCTCTGCA 

721ADL SNS I MY FS H FV PV FL PA 
2161 GCGGATCTGAGCAACTCCATCATGTACTTCAGCCACTTCGTGCCGGTCTTCCTGCCAGCG 

741 KPTTTPAPRPPTPAPTIASQ 
2221 AAGCCCACCACGACGCCAGCGCCGCGACCACCAACACCGGCGCCCACCATCGCGTCGCAG 

761 P L S L P. P EAC.R PAAG GAV H T R 
2281 CCCCTGTCCCTGCGCCCAGAGGCGTGCCGGCCAGCGGCGGGGGGCGCAGTCCAC ACG AGG 

781GLDFADPQVQLQQSGAELAR 
2341 GGGCTGGACTTCGCGGATCCACAGGTCCAGCTACAGCAGTCTGGGGCTGAACTGGCAAGA 

801 PGASVKMSCKASGYTFTRYT 
24 01 CCTGGGGCCTCAGTGAAGATGTCCTGCAAGGCTTCTGGCTACACCTTTACTAGGTACACG 

821M H WVKQR P GQ G L E W I G Y I N P 
24 61 ATGCACTGGGTAAAACAGAGGCCTGGACAGGGTCTGGAATGGATTGGATACATTAATCCT 

841 SRGYTNYNQKFKDKATLTTD 
2521 AGCCGTGGTTATACTAATTACAATCAGAAGTTCAAGGACAAGGCCACATTGACTACAGAC 

8 61 K S S STAYMQLSS LTSEDSAV 
2581 AAATCCTCCAGCACAGCCTACATGCAACTGAGCAGCCTGACATCTGAGGACTCTGCAGTC 

881YYCARYYDDHYCLDYWGQGT 
2641 TATTACTGTGCAAGATATTATGATGATCATTACTGCCTTGACTACTGGGGCCAAGGCACC 

901 TLTVSSGSTSGSGKSSEGKG 
2701 ACTCTCACAGTCTCCTCAGGATCTACTTCAGGTAGCGGTAAATCATCTGAAGGTAAAGGT 

921 QVQQIVLTQS PAI MSAS PGE 

27 61 CAGGTCCAGCAAATTGTTCTCACCCAGTCTCCAGCAATCATGTCTGCATCTCCAGGGGAG 
941KV T M T C S A S S S V 3 Y MNW Y Q Q 

28 21 AAGGTCACCATGACCTGCAGTGCCAGCTCAAGTGTAAGTTACATGAACTGGTACCAGCAG 
961 KSGTS'PKRWI YDTSKLASGV 

2881 AAGTCAGGCACCTCCCCCAAAAGATGGATTTATGACACATCCAAACTGGCTTCTGGAGTC 

981 PAH FRGSGSGTS YS LTI SGM 
2941 CCTGCTCACTTCAGGGGCAGTGGGTCTGGGACCTCTTACTCTCTCACAATCAGCGGCATG 
1001 EAE DAAT Y Y C Q Q W -5 S N P FT F 
3001 GAGGCTGAAGATGCTGCCACTTATTACTGCCAGCAGTGGAGTAGTAACCCATTCACGTTC 
1021 GSGTKLEINRHHKHHH * TRG 
3061 GGCTCGGGGACAAAGTTGGAAATAAACCGGCACCATCACCATCACCATTAGACTCGAGGA 
1041 SIPPLSLPPP*RYWPKPLGI 
3121 TCAATTCCGCCCCTCTCCCTCCCCCCCCCCTAACGTTACTGGCCGAAGCCGCTTGGAATA 
1061 RPVCVCLYVI FHHIAVFWQC 
3181 AGGCCGGTGTGCGTTTGTCTATATGTTATTTTCCACCATATTGCCGTCTTTTGGCAATGT 
1081 EG PETWPCLLDEHS + G5FPS 
3241 GAGGGCCCGGAAACCTGGCCCTGTCTTCTTGACGAGCATTCCTAGGGGTCTTTCCCCTCT 
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1101 RQRNARSVECREGSSSSGS F 
3301 CGCCAAAGGAATGCAAGGTCTGTTGAATGTCGTGAAGGAAGCAGTTCCTCTGGAAGCTTC 
1121 LKTNNVC SDPLQAAEPPTWR 
3361 TTGAAGACAAACAACGTCTGTAGCGACCCTTTGCAGGCAGCGGAACCCCCCACCTGGCGA 
1141 QVPLRPKATCIRYTCKGGTT 
3421 CAGGTGCCTCTGCGGCCAAAAGCCACGTGTATAAGAT ACACCTGCAAAGGCGGCACAACC 
1161 PVPRCELDSCGKSQMALLKR 
34 81 CCAGTGCCACGTTGTGAGTTGGATAGTTGTGGAAAGAGTCAAATGGCTCTCCTCAAGCGT 
1181 I QQGAEGCPEGTPLYGI * S G 
354 1 ATTCAACAAGGGGCTGAAGGATGCCCAGAAGGTACCCCATTGTATGGGATCTGATCTGGG 
1201 ASVH MLYMCLVEVKKRLGPP 
3601 GCCTCGGTGCACATGCTTTACATGTGTTTAGTCGAGGTTAAAAAACGTCTAGGCCCCCCG 
1221 NHGDVVFL*KTR*YH*GNSRW 
3661 AACCACGGGGACGTGGTTTTCCTTTGAAAAACACGATAATACCATGGGAATTCAAGATGG 
1241 I ARRFSGRLGGEAI RL * LGT 
3721 ATTGCACGCAGGTTCTCCGGCCGCTTGGGTGGAGAGGCTATTCGGCTATGACTGGGCACA 
1261 TDNRLL*CRRVPAVSAGAPG 
3781 ACAGACAATCGGCTGCTCTGATGCCGCCGTGTTCCGGCTGTCAGCGCAGGGGCGCCCGGT 
1281 S FCQDRPVRCPE *TAGRGSA 
3841 TCTTTTTGTCAAGACCGACCTGTCCGGTGCCCTGAATGAACTGCAGGACGAGGCAGCGCG 
1301 AIVAGHDGRSLRSCARRCH* 
3901 GCTATCGTGGCTGGCCACGACGGGCGTTCCTTGCGCAGCTGTGCTCGACGTTGTCACTGA 
1321 SGKGLAAIGRSAGAGS PVI S 
3961 AGCGGGAAGGGACTGGCTGCTATTGGGCGAAGTGCCGGGGCAGGATCTCCTGTCATCTCA 
1341 PCSCRES I HHG*CNAAAAYA 
4021 CCTTGCTCCTGCCGAGAAAGTATCCATCATGGCTGATGCAATGCGGCGGCTGCATACGCT 
1361 * SGYLPIRPPS ETSHRASTY 
4081 TGATCCGGCTACCTGCCCATTCGACCACC AAGCGAAACATCGCATCGAGCGAGCACGT AC 
1381 SDGSRSCRSG* SGRRASGAR 
4141 TCGGATGGAAGCCGGTCTTGTCGATCAGGATGATCTGGACGAAGAGCATCAGGGGCTCGC 
1401 ASRTVRQAQGAHARRRG SRR 
4201 GCCAGCCGAACTGTTCGCCAGGCTCAAGGCGCGCATGCCCGACGGCGAGGATCTCGTCGT 
1421 DPWRCLLAEYHGGKWPLFWI 
4261 GACCCATGGCGATGCCTGCTTGCCGAATATCATGGTGGAAAATGGCCGCTTTTCTGGATT 
1441 HRLWPAGCGGPLSGHSVGYP 
4 321 CATCGACTGTGGCCGGCTGGGTGTGGCGGACCGCTATCAGGACATAGCGTTGGCTACCCG 
1461 * YC *RAWRRMG* PLPRALRY 
4 381 TGATATTGCTGAAGAGCTTGGCGGCGAATGGGCTGACCGCTTCCTCGTGCTTTACGGTAT 
1481 RRSRFAAHRLLS PS * R V L L S 
4 4 41 CGCCGCTCCCGATTCGCAGCGCATCGCCTTCTATCGCCTTCTTGACGAGTTCTTCTGAGC 
1501 GTLGIR*"NKRFYLVSRKRGE 
4 501 GGGACTCTGGGGATCCGATAAAATAAAAGATTTTATTTAGTCTCCAGAAAAAGGGGGGAA 
1521 * KTPPVGLAS *LK*RHFARH 
4 561 TGAAAGACCCCACCTGTAGGTTTGGCAAGCTAGCTTAAGTAACGCCATTTTGCAAGGCAT 
1541 GKIHN*E*RSSDQGQEQMEQ 
4 621 GGAAAAATACATAACTGAGAATAGAGAAGTTCAGATCAAGGTCAGGAACAGATGGAACAG 
1561 LNMGQTGYLW *AVPAPAQGQ 
4 681 CTGAATATGGGCCAAACAGGATATCTGTGGTAAGCAGTTCCTGCCCCGGCTCAGGGCCAA 
1581 EQMEQLNMGQT GYLW*AVPA 
4 741 GAACAGATGGAACAGCTGAATATGGGCCAAACAGGATATCTGTGGTAAGCAGTTCCTGCC 
1601 PAQGQE Q.MV P RC G PAL S S F * 
4 801 CCGGCTCAGGGCCAAGAACAGATGGTCCCCAGATGCGGTCCAGCCCTCAGCAGTTTCTAG 
1621 RTIRCFQGAPRT*NDPVPYL 
4 8 61 AGAACCATCAGATGTTTCCAGGGTGCCCCAAGGACCTGAAATGACCCTGTGCCTT ATTTG 
1641 N*PISSLLASVRALLLPELN 
4 921 AACTAACCAATCAGTTCGCTTCTCGCTTCTGTTCGCGCGCTTCTGCTCCCCGAGCTCAAT 
1661 KRAHNPSLGAPVLRLTESPG 
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FIGURE 26-4 43/44 

4 981 AAAAGAGCCCACAACCCCTCACTCGGGGCGCCAGTCCTCCGATTGACTGAGTCGCCCGGG 
1681 YPCIQ*TLLQLHPTCGLAVP 
5041 TACCCGTGTATCCAATAAACCCTCTTGCAGTTGCATCCGACTTGTGGTCTCGCTGTTCCT 
1701 WE6LL*VIDY PSAGVFKL6A 
5101 TGGGAGGGTCTCCTCTGAGTGATTGACTACCCGTCAGCGGGGGTCTTTCATTTGGGGGCT 
1721 RPGS6DPCPGTTDPPPGGKL 
5161 CGTCCGGGATCGGGAGACCCCTGCCCAGGG ACCACCGACCCACCACCGGGAGGTAAGCTG 
1741 AASRVSVMTVKTSDTC53RR 
5221 GCTGCCTCGCGCGTTTCGGTGATGACGGTGAAAACCTCTGACACATGCAGCTCCCGGAGA 
1761 RSQLVCKRMPGADKPVRARQ 
5281 CGGTCACAGCTTGTCTGTAAGCGGATGCCGGGAGCAGACAAGCCCGTCAGGGCGCGTCAG 
1781 RVLAG VGAQP * PS.HVAIAEC 
5341 CGGGTGTTGGCGGGTGTCGGGGCGCAGCCATGACCCAGTCACGTAGCGATAGCGGAGTGT 
1801 ILA + LCGIRADCTESAPYAV 
5401 ATACTGGCTTAACTATGCGGCATCAGAGCAGATTGTACTGAGAGTGCACCATATGCGGTG 
1821 * NTAQMRKEKI PHQALFRFL 
54 61 TG7^AATACCGCACAGATGCGTAAGGAGAAAATACCGCATCAGGCGCTCTTCCGCTTCCTC 
1841 AH*LAALGRSAAASGISSLK 
5521 GCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGT ATCAGCTCACTCAAA 
1861 GGNTVIHRIRG + RRKEHVSK 
5581 GGCGGTAATACGGTT ATCCACAG AATCAGGGGAT AACGCAGG AAAGAACATGTGAGCAAA 
1881 RPAKGQEP* KGRVAGVFP*A 
5641 AGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCT 
1901 PPP*RASQKSTLKSEVAKPD 
5701 CCGCCCCCCTGACGAGCATCACA/yiAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGAC 
1921 RTIKI PGVS. PWKLPRALSCS 
57 61 AGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCC 
1941 DPAAYRI PVRLS PFGKRGAF 
5821 GACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTC 
1961 SMLTL'VSQFGVGRSLQAGL 
5881 TCAATGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTG 
1981 CART PRSARPLRLI R * LSS * 
5941 TGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGA 
2001 VQPGKTRLIATGSSHW + QD + 
6001 GTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAG 
2021 QSEVCRRCYRVLEVVA*LRL 
6061 CAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTA 
204 1 H * KDSIWYLRSAEASYLRKK 
6121 CACTAGAAGGACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAG 
2061 SW*LLIRQTNHRW*RWFFCL 
6181 AGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTG 
2081 QAADYAQKKRISRRS FDLFY 
624 1 CAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTAC 
2101 GV* RSVERKLTLRDFGHE1 I 
6301 GGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATC 
2121 KKDLHXjDPFKLKMK F * I N L K 
6361 AAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAG 
2141 YI*VNLV*QLPMIiNQ*GTYL 
64 21 TATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTC 
2161 SDLSISFIHSCLTPRRVDNY 
64 81 AGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTAC 
2181 DTGGLTIWP. QCCNDTARPTL 
6541 GATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCTC 
2201 TGSRFI SNKPASRKGRAQKW 
6601 ACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGAAGTGG 
2221 SCNFI RLH PV'Y*LLPGS * S K 
6661 TCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAG 
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2241 'FAS- FAQRCCHCCRHRGV 
6721 TAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTGCAGGCATCGTGGTGTC 
2261 TLVVWY GFIQLRFPTIKASY 
6781 ACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTCCCAACGATCAAGGCGAGTTAC 
2281 MIPHVVQKSG*LLRSSDRCQ 
684 1 ATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAG 
2301 K * VGR SV I T H GYGS TA FSY 
6901 AAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTAC 
2321 CHAI RKMLFCDW* V L N Q V 1 L 

6961 TGTCATGCCATCCGTAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTG 
2341R I V Y A A T E L L h P G V N T G * Y R 
7021 AGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAACACGGGATAATACCGC 
2361 AT + QNFKSAHHWKTFFGAKT 
7 081 GCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGGCGAAAACT 
2381 LKDLTAVEIQFDVTHSCTQL 
7141 CTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAACTG 
2401 IFSI FYFHQRFWVSKNRKAK 
7201 ATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAA 
2421 CRKKGNKGDTEMLNTHTLPF 
7261 TGCCGCAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAATACTCATACTCTTCCTTTT 
2441 SILLKHLSGLiiSHERIHI * M 
7321 TCAATATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACATATTTGAATG 
24 61 YLEK * TWRGSAHIS PKSAT * 
7381 TATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCACCTGA 
2431 RLRNHYYHDINL* K * A Y H E A 
74 41 CGTCTAAGAAACCATTATTATCATGACATTAACCTATAAAAATAGGCGTATCACGAGGCC 
2501 LSSSRIHTRSPKTVLQMCPP 
7501 CTTTCGTCTTCAAGAATTCATACCAGATCACCGAAAACTGTCCTCCAAATGTGTCCCCCT 
2521 HTPKFAGFCS + TTLPY.SPHS 
7 561 CACACTCCCAAATTCGCGGGCTTCTGCTCTTAGACCACTCTACCCTATTCCCCACACTCA 
2541 PE PK P R P FR FFAFER P H P * • V 
7621 CCGGAGCCAAAGCCGCGGCCCTTCCGTTTCTTTGCTTTTGAAAGACCCCACCCGTAGGTG 
2561 AS*LK*RHFARHGKIHN*E + 
7 681 GCAAGCTAGCTTAAGTAACGCCACTTTGCAAGGCATGGAAAAATACATAACTGAGAATAG 
2581 ESSDQGQEQRNS* IPMRISV 
7741 GAAAGTTCAGATCAAGGTCAGGAACAAAGAAACAGCTGAATACCAAACAGGATATCTGTG 
2601 VSGSCPGSGPRTDETAE*WA 
7801 GTAAGCGGTTCCTGCCCCGGCTCAGGGCCAAGAACAGATGAGACAGCTGAGTGATGGGCC 
2621 KQDI CGKQFLPRLGAKNRWS 
7861 AAACAGGATATCTGTGGTAAGCAGTTCCTGCCCCGGCTCGGGGCCAAGAACAGATGGTCC 
2641 PDAVQPSAVSSESSDVSRVP 
7921 CCAGATGCGGTCCAGCCCTCAGCAGTTTCTAGTGAATCATCAGATGTTTCCAGGGTGCCC 
2661 QGPENDPVPYLN ' PISSLLA 
7981 CAAGGACCTGTVAAATGACCCTGTACCTTATTTGTIACTAACCAATCAGTTCGCTTCTCGCT 
2681 SVRALPLSELNK 
8041 TCTGTTCGCGCGCTTCCGCTCTCCGAGCTCAATAAAAG ' 
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SEQUENCE LISTING 

<110> Roger Williams Hospital et al. 

<120> BI-SPECIFIC ANTIGEN- BINDING COMPOSITIONS AND RELATED METHODS 

<130> 65533-A-PCT 

<140> Not Yet Known 

<141> Herewith 

<160> 5 

<170> Patentln version 3.2 

<210> 1 

<211> 8078 

<212> DNA 

<213> Artificial Sequence 

<2;2 0> 

<223> cDNA Sequence of pG!EN-EH3 .HiB (E3-Bi and Vector) 



<400> 1 



agcccacaac 


ccctcactcg 


gcgcgccagt 


cttccgatag 


actgcgtcgc 


ccgggtaccc 


60 


gtattcccaa 


taaagcctct 


tgctgtttgc 


atccgaatcg 


tggtctcgct 


gttccttggg 


120 


agggtctcct 


ctgagtgatt 


gactacccac 


gacgggggtc 


tttcatttgg 


gggctcgtcc 


180 


gggatttgga 


gacccctgcc 


cagggaccac 


cgacccacca 


ccgggaggta 


agctggccag 


240 


caacctatct 


gtgtctgtcc 


gattgtctag 


tgactatgtt 


tgatgttatg 


cgcctgcgtc 


300 


tgtactagtt 


agctaactag 


ctctgtatct 


ggcggacccg 


tggtggaact 


gacgagttct 


360 


gaacacccgg 


ccgcaaccca 


gggagacgtc 


ccagggactt 


tgggggccgt 


ttttgtggcc 


420 


cgacctgagg 


aagggagtcg 


atgtggaatc 


cgaccccgtc 


aggatatgtg 


gttctggtag 


480 


gagacgagaa 


cctaaaacag 


ttcccgcctc 


cgtctgaatt 


tttgctttcg 


gtttggaacc 


540 


gaagccgcgc 


gtcttgtctg 


ctgcagcatc 


gttctgtgtt 


gtctctgtct 


gactgtgttt 


600 


ctgtatttgt 


ctgaaaatta 


gggccagact 


gttaccactc 


ccttaagttt 


gaccttaggt 


660 


cactggaaag 


atgtcgagcg 


gatcgctcac 


aaccagtcgg 


tagatgtcaa 


gaagagacgt 


720 


tgggttacct 


tctgctctgc 


agaatggcca 


acctttaacg 


tcggatggcc 


gcgagacggc 


780 


acctttaacc 


gagacctcat 


cacccaggtt 


aagatcaagg 


tcttttcacc 


tggcccgcat 


840 


ggacacccag 


accaggtccc 


ctacatcgtg 


acctgggaag 


ccttggcttt 


tgacccccct 


900 


ccctgggtca 


agccctttgt 


acaccctaag 


cctccgcctc 


ctcttcctcc 


atccgccccg 


960 


tctctccccc 


ttgaacctcc 


tcgttcgacc 


ccgcctcgat 


cctcccttta 


tccagccctc 


1020 


actccttctc 


taggcgccgg 


aattcgcggc 


cgtgacaaga 


gttactaaca 


gcccctctct 


1080 


ccaagctcac 


ttacaggctc 


tctacttagt 


ccagcacgaa 


gtctggagac 


ctctggcggc 


1140 


agcctaccaa 


gaacaactgg 


accgaccggt 


ggtacctcac 


ccttaccgag 


tcggcgacac 


1200 


agtgtgggtc 


cgccgacacc 


agactaagaa 


cctagaacct 


cgctggaaag 


gaccttacac 


1260 
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agtcctgcag 


accaccccca 


ccgccctcaa 


agtagacggc 


at eg cay ecu 


ggatacacgc 


1320 


cgcccacgtg 


aaggctgccg 


accccggggg 


tggaccatct 


ct agactgac 


gcggccgcfca 


1380 


cgtaccatgg 


attttcaggc 


gcagatcctc 


agcttcctgc 


caaccagcgc 


ctcagtcata 


t a a n 
1440 


atgtctagag 


ggagcattgt 


aatgacccaa 


tctcacaaat 


tcatgtccac 


atcagtagga 


1500 


gacagtgtca 


gcatcacctg 


caaggccagt 


caggatgtga 


gtactgctgt 


agcctggtat 


1560 


caacagaaac 


caggacaatc 


tcctaaacta 


ctgatttact 


cggcatccga 


ccggtacact 


1620 


ggagtccctg 


atcgcttcac 


tggcagtgga 


tctgggacgg 


atttcacttt 


caccatcagc 


1680 


agtgtgcagg 


ctgaagacct 


ggcagtttat 


tactgtcacc 


aacattatat 


tactcctcgg 


1740 


acgttcggtg 


gaggcacaaa 


gctggaaata 


aaagggtcga 


cttccggtag 


cggcaaatcc 


1800 


tctgaaggca 


aaggtcaggt 


ccagctgcag 


cagtctggag 


ctgaggtgat 


gaggcctggg 


1860 


gcctcagtga 


agatatcctg 


caaggctact 


ggctacacat 


tcactaggta 


ctacatacaa 


1920 


tggggtaaaa 


acaggcctgg 


acatggcctt 


gagtggattg 


'gagagatttt 


acctggaact 


1980 


cttactaatt 


acaatgagaa 


attcaagggc 


aaggccgcat 


tcactgcaga 


tagatcctcc 


2040 


aacacagcct 


acatgcaact 


cagcagcctt 


acatctgagg 


actctgccgt 


ctattactgt 


2100 


gcaagagatg 


gtccctggtt 


tgcttactgg 


ggccaaggaa 


ccctggtcac 


cgtctctgca 


2160 


gcggatctga 


gcaactccat 


catgtacttc 


agccacttcg 


tgccggtctt 


cctgccagcg 


2220 


aagcccacca 


cgacgccagc 


gccgcgacca 


ccaacaccgg 


cgcccaccat 


cgcgtcgcag 


2280 


cccctgtccc 


tgcgcccaga 


ggcgtgccgg 


ccagcggcgg 


ggggcgcagt 


ccacacgagg 


2340 


gggctggact 


tcgcggatcc 


acaggtccag 


ctacagcagt 


ctggggctga 


actggcaaga 


2400 


cctggggcct 


cagtgaagat 


gtcctgcaag 


gcttctggct 


acacctttac 


taggtacacg 


2460 


atgcactggg 


taaaacagag 


gcctggacag 


ggtctggaat 


ggattggata 


cattaatcct 


2520 


agccgtggtt 


atactaatta 


caatcagaag 


ttcaaggaca 


aggccacatt 


gactacagac 


2580 


aaatcctcca 


gcacagccta 


catgcaactg 


agcagcctga 


catctgagga 


ctctgcagtc 


2640 


tattactgtg 


caagatatta 


tgatgatcat 


tactgccttg 


actactgggg 


ccaaggcacc 


2700 


actctcacag 


tctcctcagg 


atctacttca 


ggtagcggta 


aatcatctga 


aggtaaaggt 


2760 


caggtccagc 


aaattgttct 


cacccagtct 


ccagcaatca 


tgtctgcatc 


tccaggggag 


2820 


aaggtcacca 


tgacctgcag 


tgccagctca 


agtgtaagtt 


acatgaactg 


gtaccagcag 


2880 


aagtcaggca 


cctcccccaa 


aagatggatt 


tatgacacat 


ccaaactggc 


ttctggagtc 


2940 


cctgctcact 


tcaggggcag 


tgggtctggg 


acctcttact 


ctctcacaat 


cagcggcatg 


3000 


gaggctgaag 


atgctgccac 


ttattactgc 


cagcagtgga 


gtagtaaccc 


attcacgttc 


3060 


ggctcgggga 


caaagttgga 


aataaaccgg 


caccatcacc 


atcaccatta 


gactcgagga 


3120 


tcaattccgc 


ccctctccct 


cccccccccc 


taacgttact 


ggccgaagcc 


gcttggaata 


3180 
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aggccggtgt 


gcgtttgtct 


atatgttatt 


ttccaccata ttgccgtctt 


ttggcaatgt 


3240 


gagggcccgg 


aaacctggcc 


ctgtcttctt 


gacgagcatt cctaggggtc 


tttcccctct 


3300 


cgccaaagga 


atgcaaggtc 


tgttgaatgt 


cgtgaaggaa gcagttcctc 


tggaagcttc 


3360 


ttgaagacaa 


acaacgtctg 


tagcgaccct 


ttgcaggcag cggaaccccc 


cacctggcga 


3420 


caggtgcctc 


tgcggccaaa 


agccacgtgt 


ataagataca cctgcaaagg 


cggcacaacc 


3480 


ccagtgccac 


gttgtgagtt 


ggatagttgt 


ggaaagagtc aaatggctct 


cctcaagcgt 


3540 


attcaacaag 


gggctgaagg 


atgcccagaa 


ggtaccccat tgtatgggat 


ctgatctggg 


3600 


gcctcggtgc 


acatgcttta 


catgtgttta 


gtcgaggtta aaaaacgtct 


aggccccccg 


3660 


aaccacgggg 


acgtggtttt 


cctttgaaaa 


acacgataat accatgggaa 


ttcaagatgg 


3720 


attgcacgca 


ggttctccgg 


ccgcttgggt 


ggagaggcta ttcggctatg 


actgggcaca 


3780 


acagacaatc 


ggctgctctg 


atgccgccgt 


gttccggctg tcagcgcagg 


ggcgcccggt 


3840 


tctttttgtc 


aagaccgacc 


tgtccggtgc 


cctgaatgaa ctgcaggacg 


aggcagcgcg 


3900 


gctatcgtgg 


ctggccacga 


cgggcgttcc 


ttgcgcagct gtgctcgacg 


ttgtcactga 


3960 


agcgggaagg 


gactggctgc 


tattgggcga 


agtgccgggg caggatctcc 


tgtcatctca 


4020 


ccttgctcct 


gccgagaaag 


tatccatcat 


ggctgatgca atgcggcggc 


tgcatacgct 


4080 


tgatccggct 


. acctgcccat 


tcgaccacca 


agcgaaacat cgcatcgagc 


gagcacgtac 


4140 


tcggatggaa 


gccggtcttg 


tcgatcagga 


tgatctggac gaagagcatc 


aggggctcgc 


4200 


gccagccgaa 


ctgttcgcca 


ggctcaaggc 


gcgcatgccc gacggcgagg 


atctcgtcgt 


4260 


gacccatggc 


gatgcctgct 


tgccgaatat 


catggtggaa aatggccgct 


tttctggatt 


4320 


catcgactgt 


ggccggctgg 


gtgtggcgga 


ccgctatcag gacatagcgt 


tggctacccg 


4380 


tgatattgct 


gaagagcttg 


gcggcgaatg 


ggctgaccgc ttcctcgtgc 


tttacggtat 


4440 


cgccgctccc 


gattcgcagc 


gcatcgcctt 


ctatcgcctt cttgacgagt 


tcttctgagc 


4500 


gggactctgg 


ggatccgata 


aaataaaaga 


ttttatttag tctccagaaa 


aaggggggaa 


4560 


tgaaagaccc 


cacctgtagg 


tttggcaagc 


tagcttaagt aacgccattt 


tgcaaggcat 


4620 


ggaaaaatac 


ataactgaga 


atagagaagt 


tcagatcaag gtcaggaaca 


gatggaacag 


4680 


ctgaatatgg 


gccaaacagg 


atatctgtgg 


taagcagttc ctgccccggc 


tcagggccaa 


4740 


gaacagatgg 


aacagctgaa 


tatgggccaa 


acaggatatc tgtggtaagc 


agttcctgcc 


4800 


ccggctcagg 


gccaagaaca 


gatggtcccc 


agatgcggtc cagccctcag 


cagtttctag 


4860 


agaaccatca 


gatgtttcca 


gggtgcccca 


aggacctgaa atgaccctgt 


gccttatttg 


4920 


aactaaccaa 


tcagttcgct 


tctcgcttct 


gttcgcgcgc ttctgctccc 


cgagctcaat 


4980 


aaaagagccc 


acaacccctc 


actcggggcg 


ccagtcctcc gattgactga 


gtcgcccggg 


5040 


tacccgtgta 


tccaataaac 


cctcttgcag 


ttgcatccga cttgtggtct 


cgctgttcct 


5100 


tgggagggtc 


tcctctgagt 


gattgactac 


ccgtcagcgg gggtctttca 


tttgggggct 


5160 
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cgfcccgggat 


cgggagaccc 


ctgcccaggg 


aCCaCCydLC 


fappar facte* 
*_d.t-i-.cHwV_yyy 


ayyuddyLug 




gctgcctcgc 


gcgctccggx: 


gatgacggtg 


— v — * <—| »-» jrm ^ ^ 

ddddCCtCtg 


dCdCatyCdy 


cucccggaga 




cggtcacagc 


ccgcccgcaa 


gcggatgccg 


ggagcagaca 




ggcgcg ccag 


ft 


cgggtgttgg 


cgggtgccgg 


ggcgcagcca 


^ n __\ 9 i 1 1 /"^ 

LgacccayLC 


acgtoycydu 


a^"f n«rtQ<*tf' /it 

a g c ggagtgi: 


C A ft ft 


atactggctt 


aaccacgcgg 


caucagagca 


-1 4- 4- 4- A M / _ 

gac Lguactg 


a /*t a^ti - /T^"»a 

dgagugcdcc 


atatgeggtg 




tgaaataccg 


cacagatgcg 


t a aggag a aa 


atdccgcat-c 


aggegetc tt. 


v-» /-«— 4» 4~ r** 4~ 

ccgcLLCCcc 


DDiiU 


gctcactgac 


tcgctgcgct 


cggtcgttcg 


getgeggega 


gcggtatcag 


ctcactcaaa 


5580 


ggcggtaata 


cggttatcca 


cagaatcagg 


ggataacgea 


ggaaagaaca 


tgtgagcaaa 


5640 


aggccagcaa 


aaggccagga 


accgtaaaaa 


ggccgcgttg 


ctggcgtttt 


tccataggct 


5700 


ccgcccccct 


gacgagcatc 


acaaaaatcg 


aegctcaagt 


cagaggtggc 


gaaacccgac 


5760 


aggactataa 


agataccagg 


cgtttccccc 


tggaagctcc 


ctcgtgcgct 


ctcctgttcc 


5820 


gaccctgccg 


cttaccggat 


acctgtccgc 


At 1W 4W «_ .M ^ A MB A ^ 

ctttctccct 


tegggaageg 


tggegcttte 


5880 


tcaatgctca 


cgctgtaggt 


atctcagttc 


ggtgtaggtc 


gttege tcca 


agctgggctg 


5940 


tgtgcacgaa 


ccccccgttc 


agcccgaccg 


ctgcgcctta 


t ceggtaact 


ategt cttga 


6000 


gtccaacccg 


gtaagacacg 


acttatcgcc 


actggcagca 


gccactggta 


acaggafctag 


6060 


cagagcgagg 


tatgtaggcg 


gtgctacaga 


gttcttgaag 


tggtggccta 


actaeggcta 


6120 


cactagaagg 


acagtatttg 


gtatctgcgc 


tetgetgaag 


ccagtt acct 


teggaaaaag 


6180 


agttggtagc 


tcttgatccg 


gcaaacaaac 


caccgctggt 


agcggtggtt 


tctccgcctg 


6240 


caagcagcag 


attacgcgca 


gaaaaaaagg 


atctcaagaa 


gauccctcga 


tcttttccac 


63 00 


ggggtctgac 


gctcagtgga 


acgaaaactc 


acgttaaggg 


attttggtca 


tgagattatc 


6360 


aaaaaggatc 


ttcacctaga 


tec txttaaa 


ttaaaaatga 


agttttaaat 


caatctaaag 


6420 


tatatatgag 


taaacttggt 


ctgacagtta 


ecaatgetta 


atcagtgagg 


cacctatctc 


6480 


agcgatctgt 


ctatttcgtr 


catccatagt 


tgcctgactc 


cccgtcgtgt 


agataactac 


6540 


gatacgggag 


ggcttaccat 


ctggccccag 


tgctgcaatg 


ataccgegag 


acccacgctc 


6600 


accggctcca 


gatttatcag 


caataaacca 


gccagccgga 


agggecgage 


gcagaagtgg 


6660 


tcctgcaact 


ttatccgcct 


ccatccagtc 


tattaattgt 


tgccgggaag 


ctagagtaag 


6720 


tagttcgcca 


gttaatagtt 


tgcgcaacgt 


tgttgccatt 


getgeaggea 


tcgtggtgtc 


6780 


acgctcgtcg 


tttggtatgg 


cttcattcag 


ctccggttcc 


caacgatcaa 


ggcgagttac 


6840 


atgatccccc 


atgttgtgca 


aaaaagcggt 


tagctccttc 


ggtcctccga 


tcgttgtcag 


6900 


aagtaagttg 


gccgcagtgt 


tatcactcat 


ggttatggca 


geactgeata 


attctcttac 


6960 


tgtcatgcca 


tccgtaagat 


gcttttctgt 


gactggtgag 


tactcaacca 


agtcattctg 


7020 


agaatagtgt 


atgcggcgac 


egagttgetc 


ttgcccggcg 


teaacaeggg 


ataatacege 


7080 
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gccacatagc agaactttaa aagtgctcat cattggaaaa cgttcttcgg ggcgaaaact 714 0 

ctcaaggatc ttaccgctgt tgagatccag ttcgatgtaa cccactcgtg cacccaactg 7200 

atcttcagca tcttttactt tcaccagcgt ttctgggtga gcaaaaacag gaaggcaaaa 72 60 

tgccgcaaaa aagggaataa gggcgacacg gaaatgttga atactcatac tcttcctttt 7320 

tcaatattat tgaagcattt atcagggtta ttgtctcatg agcggataca tatttgaatg 7380 

tatttagaaa aataaacaaa taggggttcc gcgcacattt ccccgaaaag tgccacctga 7440 

cgtctaagaa accattatta tcatgacatt aacctataaa aataggcgta tcacgaggcc 7500 

ctttcgtctt caagaattca taccagatca ccgaaaactg tcctccaaat gtgtccccct 7560 

cacactccca aattcgcggg cttctgctct tagaccactc taccctattc cccacactca 762 0 

ccggagccaa agccgcggcc cttccgtttc Jtttgcttttg aaagacccca cccgtaggtg 7680 

gcaagctagc ttaagtaacg ccactttgca aggcatggaa aaatacataa ctgagaatag 7740 

gaaagttcag atcaaggtca ggaacaaaga aacagctgaa taccaaacag gatatctgtg 7800 

gtaagcggtt cctgccccgg ctcagggcca agaacagatg agacagctga gtgatgggcc 7860 

aaacaggata tctgtggtaa gcagttcctg ccccggctcg gggccaagaa cagatggtcc 792 0 

ccagatgcgg tccagccctc agcagtttct agtgaatcat cagatgtttc cagggtgccc 7980 

caaggacctg aaaatgaccc tgtaccttat ttgaactaac caatcagttc gcttctcgct 8040 

tctgttcgcg cgcttccgct ctccgagctc aataaaag 8078 

<210> 2 
<211> 2606 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Protein Sequence of pGlEN-EH3 .His (E3~Bi and Vector) 
<400> 2 

Ser Pro Gin Pro Leu Thr Arg Arg Ala Ser Leu Pro lie Asp Cys Val 
15 10 15 

Ala Arg Val Pro Val Phe Pro He Lys Pro Leu Ala Val Cys He Arg 
20 25 30 

He Val Val Ser Leu Phe Leu Gly Arg Val Ser Ser Glu Leu Thr Thr 
35 40 45 

His Asp Gly Gly Leu Ser Phe Gly Gly Ser Ser Gly lie Trp Arg Pro 
50 55 60 

Leu Pro Arg Asp His Arg Pro Thr Thr Gly Arg Ala Gly Gin Gin Pro 
65 70 75 " 80 
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lie Cys Val Cys Pro lie Val Cys Leu Cys Leu Met Leu Cys Ala Cys 
85 90 95 

Val Cys Thr Ser Leu Thr Ser Ser Val Ser Gly Gly Pro Val Val Glu 
100 105 110 

Leu Thr Ser Ser Glu His Pro Ala Ala Thr Gin Gly Asp Val Pro Gly 
115 120 125 

Thr Leu Gly Ala Val Phe Val Ala Arg Pro Glu Glu Gly Ser Arg Cys 
130 135 140 

Gly lie Arg Pro Arg Gin Asp Met Trp Phe Trp Glu Thr Arg Thr Asn 
145 ~ 150 155 160 

Ser Ser Arg Leu Arg Leu Asn Phe Cys Phe Arg Phe Gly Thr Glu Ala 
165 170 175 



Ala Arg Leu Val Cys Cys Ser lie Val Leu Cys Cys Leu Cys Leu Thr 
180 185 190 

Val Phe Leu Tyr Leu Ser Glu Asn Gly Gin Thr Val Thr Thr Pro Leu 
195 200 205 

Ser Leu Thr Leu Gly His Trp Lys Asp Val Glu Arg lie Ala His Asn 
210 215 220 

Gin Ser Val Asp Val Lys Lys Arg Arg Trp Val Thr Phe Cys Ser Ala 
225 230 235 240 

Glu Trp Pro Thr Phe Asn Val Gly Trp Pro Arg Asp Gly Thr Phe Asn 
245 250 255 



Arg Asp Leu lie Thr Gin Val Lys He Lys Val Phe Ser Pro Gly Pro 
260 265 270 



His Gly His Pro Asp Gin Val Pro Tyr He Val Thr Trp Glu Ala Leu 
275 280 285 



Ala Phe Asp Pro Pro Pro Trp Val Lys Pro Phe Val His Pro Lys Pro 
290 295 300 



Pro Pro Pro Leu Pro Pro Ser Ala Pro Ser Leu Pro Leu Glu Pro Pro 
305 310 315 320 



Arg Ser Thr Pro Pro Arg Ser Ser Leu Tyr Pro Ala Leu Thr Pro Ser 
325 330 335 

Leu Gly Ala Gly He Arg Gly Arg Asp Lys Ser Tyr Gin Pro Leu Ser 
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340 345 350 

Pro Ser Ser Leu Thr Gly Ser Leu Leu Ser Pro Ala Arg Ser Leu Glu 
355 360 365 

Thr Ser Gly Gly Ser Leu Pro Arg Thr Thr Gly Pro Thr Gly Gly Thr 
370 375 380 

Ser Pro Leu Pro Ser Arg Arg His Ser Val Gly Pro Pro Thr Pro Asp 
385 390 395 400 

Glu Pro Arg Thr Ser Leu Glu Arg Thr Leu His Ser Pro Ala Asp His 
405 410 415 

Pro His Arg Pro Gin Ser Arg Arg His Arg Ser Leu Asp Thr Arg Arg 
420 425 430 

Pro Arg Glu Gly Cys Arg Pro Arg Gly Trp Thr lie Ser Arg Leu Thr 
435 440 445 

Arg Pro Leu Arg Thr Met Asp Phe Gin Val Gin lie Phe Ser Phe Leu 
450 455 460 

Leu He Ser Ala Ser Val He Met Ser Arg Gly Ser He Val Met Thr 
465 470 475 480 

Gin Ser His Lys Phe Met Ser Thr Ser Val Gly Asp Ser Val Ser He 
485 490 495 

Thr Cys Lys Ala Ser Gin Asp Val Ser Thr Ala Val Ala Trp Tyr Gin 
500 505 510 

Gin Lys Pro Gly Gin Ser Pro Lys Leu Leu lie Tyr Ser Ala Ser Asp 
515 520 525 

Arg Tyr Thr Gly Val Pro Asp Arg Phe Thr Gly Ser Gly Ser Gly Thr 
530 535 540 

Asp Phe Thr Phe Thr He Ser Ser Val Gin Ala Glu Asp Leu Ala Val 
545 550 555 560 

Tyr Tyr Cys His Gin His Tyr He Thr Pro Arg Thr Phe Gly Gly Gly 
565 570 575 

Thr Lys Leu Glu He Lys Gly Ser Thr Ser Gly Ser Gly Lys Ser Ser 
580 585 590 

Glu Gly Lys Gly Gin Val Gin Leu Gin Gin Ser Gly Ala Glu Val Met 
595 600 605 
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Arg Pro Gly Ala Ser Val Lys lie Ser Cys Lys Ala Thr Gly Tyr Thr 

610 615 620 

Phe Thr Arg Tyr Tyr lie Gin Trp Gly Lys Asn Arg Pro Gly His Gly 

625 " 630 635 640 

Leu Glu Trp lie Gly Glu lie Leu Pro Gly Thr Leu Thr Asn Tyr Asn 

645 650 655 

Glu Lys Phe Lys Gly Lys Ala Ala Phe Thr Ala Asp Arg Ser Ser Asn 

660 665 670 

Thr Aia Tyr Met Gin Leu Ser Ser Leu Thr Ser Glu Asp Ser Ala Val 

675 . 680 685 

Tyr Tyr Cys Ala Arg Asp Gly Pro Trp Phe Ala Tyr Trp Gly Gin Gly 

690 ~ 695 700 

Thr Leu Val Thr Val Ser Ala Ala Asp Leu Ser Asn Ser lie Met Tyr 

705 710 715 720 

Phe Ser His Phe Val Pro Val Phe Leu Pro Ala Lys Pro Thr Thr Thr 

725 730 735 

Pro Ala Pro Arg Pro Pro Thr Pro Ala Pro Thr lie Ala Ser Gin Pro 

740 745 750 

Leu Ser Leu Arg Pro Glu Ala Cys Arg Pro Ala Ala Gly Gly Ala Val 

755 760 765 

His Thr Arg Gly Leu Asp Phe Ala Asp Pro Gin Val Gin Leu Gin Gin 

770 ^ 775 ~ 780 



Ser Gly Ala Glu Leu Ala Arg Pro Gly Ala Ser Val Lys Met Ser Cys 
785 790 795 800 

Lys Ala Ser Gly Tyr Thr Phe Thr Arg Tyr Thr Met His Trp Val Lys 
805 810 815 



Gin Arg Pro Gly Gin Gly Leu Glu Trp He Gly Tyr He Asn Pro Ser 
820 825 830 



Arg Gly Tyr Thr Asn Tyr Asn Gin Lys Phe Lys Asp Lys Ala Thr Leu 
835 840 845 



Thr Thr Asp Lys Ser Ser Ser Thr Ala Tyr Met Gin Leu Ser Ser Leu 
850 855 860 
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Thr Ser Glu Asp Ser Ala Val Tyr Tyr Cys Ala Arg Tyr Tyr Asp Asp 
865 870 875 880 

His Tyr Cys Leu Asp Tyr Trp Gly Gin Gly Thr Thr Leu Thr Val Ser 
885 890 895 

Ser Gly Ser Thr Ser Gly Ser Gly Lys Ser Ser Glu Gly Lys Gly Gin 
900 905 910 

Val Gin Gin He Val Leu Thr Gin Ser Pro Ala lie Met Ser Ala Ser 
915 920 925 

Pro Gly Glu Lys Val Thr Met Thr Cys Ser Ala Ser Ser Ser Val Ser 
930 935 940 

Tyr Met Asn Trp Tyr Gin Gin Lys Ser Gly Thr Ser Pro Lys Arg Trp 
945 950 955 ' 960 

He Tyr Asp Thr Ser Lys Leu Ala Ser Gly Val Pro Ala His Phe Arg 
965 970 975 

Gly Ser Gly Ser Gly Thr Ser Tyr Ser Leu Thr He Ser Gly Met Glu 
980 985 990 

Ala Glu Asp Ala Ala Thr Tyr Tyr Cys Gin Gin Trp Ser Ser Asn Pro 
995 1000 1005 

Phe Thr Phe Gly Ser Gly Thr Lys Leu Glu He Asn Arg His His 
1010 1015 1020 

His His His His Thr Arg Gly Ser He Pro Pro Leu Ser Leu Pro 
1025 1030 1035 

Pro Pro Arg Tyr Trp Pro Lys Pro Leu Gly He Arg Pro Val Cys 
1040 1045 1050 

Val Cys Leu Tyr Val He Phe His His He Ala Val Phe Trp Gin 
1055 1060 1065 

Cys Glu Gly Pro Glu Thr Trp Pro Cys Leu Leu Asp Glu His Ser 
1070 1075 1080 

Gly Ser Phe Pro Ser Arg Gin Arg Asn Ala Arg Ser Val Glu Cys 
1085 1090 1095 

Arg Glu Gly Ser Ser Ser Ser Gly Ser Phe Leu Lys Thr Asn Asn 
1100 1105 1110 
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Val Cys Ser Asp Pro Leu Gin Ala Ala Glu Pro Pro Thr Trp Arg 

1115 1120 1125 

Gin Val Pro Leu Arg Pro Lys Ala Thr Cys lie Arg Tyr Thr Cys 

1130 1135 1140 

Lys Gly Gly Thr Thr Pro Val Pro Arg Cys Glu Leu Asp Ser Cys 

1145 1150 1155 

Gly Lys Ser Gin Met Ala Leu Leu Lys Arg lie Gin Gin Gly Ala 

1160 1155 1170 

Glu Gly Cys Pro Glu Gly Thr Pro Leu Tyr Gly He Ser Gly Ala 

1175 1180 1185 

Ser Val His Met Leu Tyr Met Cys Leu Val Glu Val Lys Lys Arg 

1190 1195 1200 

Leu Gly Pro Pro Asn His Gly Asp Val Val Phe Leu Lys Thr Arg 

1205 1210 1215 

Tyr His Gly Asn Ser Arg Trp He Ala Arg Arg Phe Ser Gly Arg 

1220 1225 1230 

Leu Gly Gly Glu Ala He Arg Leu Leu Gly Thr Thr Asp Asn Arg 

1235 1240 1245 

Leu Leu Cys Arg Arg Val Pro Ala Val Ser Ala Gly Ala Pro Gly 

1250 1255 1260 



Ser Phe Cys Gin Asp Arg Pro Val Arg Cys Pro Glu Thr Ala Gly 
1265 1270 1275 

Arg Gly Ser Ala Ala He Val Ala Gly His Asp Gly Arg Ser Leu 
1280 1285 1290 

Arg Ser Cys Ala Arg Arg Cys His Ser Gly Lys Gly Leu Ala Ala 
1295 1300 1305 



He Gly Arg Ser Ala Gly Ala Gly Ser Pro Val He Ser Pro Cys 
1310 1315 1320 

Ser Cys Arg Glu Ser He His His Gly Cys Asn Ala Ala Ala Ala 
1325 1330 1335 

Tyr Ala Ser Gly Tyr Leu Pro He Arg Pro Pro Ser Glu Thr Ser 
1340 1345 1350 

His Arg Ala Ser Thr Tyr Ser Asp Gly Ser Arg Ser Cys Arg Ser 
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1355 1360 1365 

Gly Ser Gly Arg Arg Ala Ser Gly Ala Arg Ala Ser Arg Thr Val 
1370 1375 1380 

Arg Gin Ala Gin Gly Ala His Ala Arg Arg Arg Gly Ser Arg Arg 
1385 1390 1395 

Asp Pro Trp Arg Cys Leu Leu Ala Glu Tyr His Gly Gly Lys Trp 
1400 1405 1410 

Pro Leu Phe Trp lie His Arg Leu Trp Pro Ala Gly Cys Gly Gly 
1415 1420 1425 

Pro Leu Ser Gly His Ser Val Gly Tyr Pro Tyr Cys Arg Ala Trp 
1430 1435 1440 

Arg Arg Met Gly Pro Leu Pro Arg Ala Leu Arg Tyr Arg Arg Ser 
1445 * 1450 1455 

Arg Phe Ala Ala His Arg Leu Leu Ser Pro Ser Arg Val Leu Leu 
1460 1465 1470 

Ser Gly Thr Leu Gly lie Arg Asn Lys Arg Phe Tyr Leu Val Ser 
1475 " 1480 * 1485 

Arg Lys Arg Gly Glu Lys Thr Pro Pro Val Gly Leu Ala Ser Leu 
1490 1495 1500 

Lys Arg His Phe Ala Arg His Gly Lys lie His Asn Glu Arg Ser 
1505 1510 1515 

Ser Asp Gin Gly Gin Glu Gin Met Glu Gin Leu Asn Met Gly Gin 
1520 1525 1530 

Thr Gly Tyr Leu Trp Ala Val Pro Ala Pro Ala Gin Gly Gin Glu 
1535 1540 1545 

Gin Met Glu Gin Leu Asn Met Gly Gin Thr Gly Tyr Leu Trp Ala 
1550 1555 1560 

Val Pro Ala Pro Ala Gin Gly Gin Glu Gin Met Val Pro Arg Cys 
1565 1570 1575 

Gly Pro Ala Leu Ser Ser Phe Arg Thr He Arg Cys Phe Gin Gly 
1580 1585 1590 

Ala Pro Arg Thr Asn Asp Pro Val Pro Tyr Leu Asn Pro He Ser 
1595 " 1600 1605 
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Ser Leu Leu Ala Ser Val Arg Ala Leu Leu Leu Pro Glu Leu Asn 
1610 1615 1620 

Lys Arg Ala His Asn Pro Ser Leu Gly Ala Pro Val Leu Arg Leu 
1625 1630 1635 

Thr Glu Ser Pro Gly Tyr Pro Cys lie Gin Thr Leu Leu Gin Leu 
1640 1645 1650 

His Pro Thr Cys Gly Leu Ala Val Pro Tip Glu Gly Leu Leu Val 
1655 1660 1665 

lie Asp Tyr Pro Ser Ala Gly Val Phe His Leu Gly Ala Arg Pro 
1670 1675 1680 



Gly Ser Gly Asp Pro Cys Pro Gly Thr Thr Asp Pro Pro Pro Gly 
1685 1690 1695 

Gly Lys Leu Ala Ala Ser Arg Val Ser Val Met Thr Val Lys Thr 
1700 1705 1710 



Ser Asp Thr Cys Ser Ser Arg Arg Arg Ser Gin Leu Val Cys Lys 
1715 1720 1725 

Arg Met Pro Gly Ala Asp Lys Pro Val Arg Ala Arg Gin Arg Val 
1730 1735 1740 

Leu Ala Gly Val Gly Ala Gin Pro Pro Ser His Val Ala lie Ala 
1745 1750 1755 



Glu Cys lie Leu Ala Leu Cys Gly lie Arg Ala Asp Cys Thr Glu 
1760 1765 1770 



Ser Ala Pro Tyr Ala Val Asn Thr Ala Gin Met Arg Lys Glu Lys 
1775 1780 1785 



He Pro His Gin Ala Leu Phe Arg Phe Leu Ala His Leu Ala Ala 
1790 1795 1800 



Leu Gly Arg Ser Ala Ala Ala Ser Gly He Ser Ser Leu Lys Gly 
1805 1810 1815 



Gly Asn Thr Val He His Arg He Arg Gly Arg Arg Lys Glu His 
1820 1825 1830 



Val Ser Lys Arg Pro Ala Lys Gly Gin Glu Pro Lys Gly Arg Val 
1835 1840 1845 
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Ala Gly Val Phe Pro Ala Pro Pro Pro Arg Ala Ser Gin Lys Ser 
1850 1855 I860 

Thr Leu Lys Ser Glu Val Ala Lys Pro Asp Arg Thr lie Lys lie 
1865 1870 1875 

Pro Gly Val Ser Pro Trp Lys Leu Pro Arg Ala Leu Ser Cys Ser 
1880 1885 1890 

Asp Pro Ala Ala Tyr Arg He Pro Val Arg Leu Ser Pro Phe Gly 
1895 1900 1905 

Lys Arg Gly Ala Phe Ser Met Leu Thr Leu Val Ser Gin Phe Gly 
1910 1915 1920 

Val Gly Arg Ser Leu Gin Ala Gly Leu Cys Ala Arg Thr Pro Arg 
1925 ' 1930 1935 

Ser Ala Arg Pro Leu Arg Leu He Arg Leu Ser Ser Val Gin Pro 
1940 1945 1950 

Gly Lys Thr Arg Leu He Ala Thr Gly Ser Ser His Trp Gin Asp 
1955 ^ 1960 1965 

Gin Ser Glu Val Cys Arg Arg Cys Tyr Arg Val Leu Glu Val Val 
1970 " 1975 1980 

Ala Leu Arg Leu His Lys Asp Ser He Trp Tyr Leu Arg Ser Ala 
1985 ~ 1990 1995 



Glu Ala Ser Tyr Leu Arg Lys Lys Ser Trp Leu Leu He Arg Gin 
2000 " 2005 2010 



Thr Asn His Arg Trp Arg Trp Phe Phe Cys Leu Gin Ala Ala Asp 
2015 2020 2025 

Tyr Ala Gin Lys Lys Arg He Ser Arg Arg Ser Phe Asp Leu Phe 
2030 2035 2040 



Tyr Gly Val Arg Ser Val Glu Arg Lys Leu Thr Leu Arg Asp Phe 
2045 2050 2055 



Gly His Glu lie lie Lys Lys Asp Leu His Leu Asp Pro Phe Lys 
2060 2065 2070 



Leu Lys Met Lys Phe lie Asn Leu Lys Tyr He Val Asn Leu Val 
2075 2080 " 2085 
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Gin Leu Pro Met Leu Asn Gin Gly Thr Tyr Leu Ser Asp Leu Ser 
2090 2095 2100 

lie Ser Phe He His Ser Cys Leu Thr Pro Arg Arg Val Asp Asn 
2105 2110 2115 

Tyr Asp Thr Gly Gly Leu Thr He Trp Pro Gin Cys Cys Asn Asp 
2120 2125 2130 



Thr Ala Arg Pro Thr Leu Thr Gly Ser Arg Phe He Ser Asn Lys 
2135 2140 2145 



Pro Ala Ser Arg Lys Gly Arg Ala Gin Lys Trp Ser Cys Asn Phe 
2150 2155 ~ 2160 

He Arg Leu His Pro Val Tyr Leu Leu Pro Gly Ser Ser Lys Phe 
2165 2170 2175 



Ala Ser Phe Ala Gin Arg Cys Cys His Cys Cys Arg His Arg Gly 
2180 2185 2190 



Val Thr Leu Val Val Trp Tyr Gly Phe He Gin Leu Arg Phe Pro 
2195 2200 2205 



Thr He Lys Ala Ser Tyr Met He Pro His Val Val Gin Lys Ser 
2210 2215 2220 



Gly Leu Leu Arg Ser Ser Asp Arg Cys Gin Lys Val Gly Arg Ser 
2225 2230 2235 



Val He Thr His Gly Tyr Gly Ser Thr Ala Phe Ser Tyr Cys His 
2240 2245 2250 



Ala He Arg Lys Met Leu Phe Cys Asp Trp Val Leu Asn Gin Val 
2255 2260 2265 

He Leu Arg He Val Tyr Ala Ala Thr Glu Leu Leu Leu Pro Gly 
2270 2275 2280 



Val Asn Thr Gly Tyr Arg Ala Thr Gin Asn Phe Lys Ser Ala His 
2285 2290 2295 



His Trp Lys Thr Phe Phe Gly Ala Lys Thr Leu Lys Asp Leu Thr 
2300 2305 2310 



Ala Val Glu He Gin Phe Asp Val Thr His Ser Cys Thr Gin Leu 
2315 2320 2325 

He Phe Ser He Phe Tyr Phe His Gin Arg Phe Trp Val Ser Lys 
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2330 2335 2340 

Asn Arg Lys Ala Lys Cys Arg Lys Lys Gly Asn Lys Gly Asp Thr 
2345 2350 2355 

Glu Met Leu Asn Thr His Thr Leu Pro Phe Ser lie Leu Leu Lys 
2360 2365 2370 

His Leu Ser Gly Leu Leu Ser His Glu Arg lie His lie Met Tyr 
2375 2380 2385 

Leu Glu Lys Thr Asn Arg Gly Ser Ala His He Ser Pro Lys Ser 
2390 2395 2400 



Ala Thr Arg Leu Arg Asn His Tyr Tyr His Asp He Asn Leu Lys 
2405 2410 2415 

Ala Tyr His Glu Ala Leu Ser Ser Ser Arg He His Thr Arg Ser 
2420 2425 2430 



Pro Lys Thr Val Leu Gin Met Cys Pro Pro His Thr Pro Lys Phe 
2435 2440 2445 



Ala Gly Phe Cys Ser Thr Thr Leu Pro Tyr Ser Pro His Ser Pro 
2450 2455 2460 



Glu Pro Lys Pro Arg Pro Phe Arg Phe Phe Ala Phe Glu Arg Pro 
2465 * 2470 2475 



His Pro Val Ala Ser Leu Lys Arg His Phe Ala Arg His Gly Lys 
2480 2485 2490 



He His Asn Glu Glu Ser Ser Asp Gin Gly Gin Glu Gin Arg Asn 
2495 2500 2505 



Ser He Pro Asn Arg He Ser Val Val Ser Gly Ser Cys Pro Gly 
2510 2515 2520 



Ser Gly Pro Arg Thr Asp Glu Thr Ala Glu Trp Ala Lys Gin Asp 
2525 2530 2535 



He Cys Gly Lys Gin Phe Leu Pro Arg Leu Gly Ala Lys Asn Arg 
2540 2545 2550 



Trp Ser Pro Asp Ala Val Gin Pro Ser Ala Val Ser Ser Glu Ser 
2555 2560 2565 



Ser Asp Val Ser Arg Val Pro Gin Gly Pro Glu Asn Asp Pro Val 
2570 2575 2580 
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Pro Tyr Leu Asn Pro lie Ser Ser Leu Leu Ala Ser Val Arg Ala 
2585 2590 2595 

Leu Pro Leu Ser Glu Leu Asn Lys 
2600 2605 

<210> 3 

<211> 1731 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> E3Bi cDNA Sequence 



<400> 3 
atggattttc 


aggtgcagat 


tttcagcttc 


ctgctaatca 


gtgcctcagt 


cataatgtct 


60 


agagggagca 


ttgtaatgac 


ccaatctcac 


aaattcatgt 


ccacatcagt 


aggagacagt 


120 


gtcagcatca 


cctgcaaggc 


cagtcaggat 


gtgagtactg 


ctgtagcctg 


gtatcaacag 


180 


aaaccaggac 


aatctcctaa 


actactgatt 


tactcggcat 


ccgaccggta 


cactggagtc 


240 


cctgatcgct 


tcactggcag 


tggatctggg 


acggatttca 


ctttcaccat 


cagcagtgtg 


300 


caggctgaag 


acctggcagt 


ttattactgt 


caccaacatt 


atattactcc 


tcggacgttc 


360 


ggtggaggca 


caaagctgga 


aataaaaggg 


tcgacttccg 


gtagcggcaa 


atcctctgaa 


420 


ggcaaaggtc 


aggtccagct 


gcagcagtct 


ggagctgagg 


tgatgaggcc 


tggggcctca 


480 


gtgaagatat 


cctgcaaggc 


tactggctac 


acattcacta 


ggtactacat 


acaatggggt 


540 


aaaaacaggc 


ctacracatacr 


ccttcraQtQQ 

www w 33 


attcrqaqaqa 


ttttacctgg 


aactcttact 


600 


aattacaatg 


agaaattcaa 


gggcaaggcc 


gcattcactg 


cagatagatc 


ctccaacaca 


660 


gcctacatgc 


aactcagcag 


ccttacatct 


gaggactctg 


ccgtctatta 


ctgtgcaaga 


720 


gatggtccct 


ggtttgctta 


ctggggccaa 


ggaaccctgg 


tcaccgtctc 


tgcagcggat 


780 


ctgagcaact 


ccatcatgta 


cttcagccac 


ttcgtgccgg 


tcttcctgcc 


agcgaagccc 


840 


accacgacgc 


cagcgccgcg 


accaccaaca 


ccggcgccca 


ccatcgcgtc 


gcagcccctg 


900 


tccctgcgcc 


cagaggcgtg 


ccggccagcg 


gcggggggcg 


cagtccacac 


gagggggctg 


960 


gacttcgcgg 


atccacaggt 


ccagctacag 


cagtctgggg 


ctgaactggc 


aagacctggg 


1020 


gcctcagtga 


agatgtcctg 


caaggcttct 


ggctacacct 


ttactaggta 


cacgatgcac 


1080 


tgggtaaaac 


agaggcctgg 


acagggtctg 


gaatggattg 


gatacattaa 


tcctagccgt 


1140 


ggttatacta 


attacaatca 


gaagttcaag 


gacaaggcca 


cattgactac 


agacaaatcc 


1200 


tccagcacag 


cctacatgca 


actgagcagc 


ctgacatctg 


aggactctgc 


agtctattac 


1260 


tgtgcaagat 


attatgatga 


tcattactgc 


cttgactact 


ggggccaagg 


caccactctc 


1320 


acagtctcct 


caggatctac 


ttcaggtagc 


ggtaaatcat 


ctgaaggtaa 


aggtcaggtc 


1380 
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ctccaaattg ttctcaccca gtctccagca atcatgtctg catctccagg ggagaaggtc 1440 

accatgacct gcagtgccag ctcaagtgta agttacatga actggtacca gcagaagtca 1500 

ggcacctccc ccaaaagatg gatttatgac acatccaaac tggcttctgg agtccctgct 1560 

cacttcaggg gcagtgggtc tgggacctct tactctctca caatcagcgg catggaggct 1620 

gaagatgctg ccacttatta ctgccagcag tggagtagta acccattcac gttcggctcg 1680 

gggacaaagt tggaaataaa ccggcaccat caccatcacc attagactcg a 1731 

<210> 4 

<211> 574 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Protein Sequence of E3Bi 

<400> 4 

Met Asp Phe Gin Val Gin He Phe Ser Phe Leu Leu He Ser Ala Ser 
1 5 10 .15 

Val He Met Ser Arg Gly Ser He Val Met Thr Gin Ser His Lys Phe 
20 *" 25 30 

Met Ser Thr Ser Val Gly Asp Ser Val Ser He Thr Cys Lys Ala Ser 
35 40 45 

Gin Asp Val Ser Thr Ala Val Ala Trp Tyr Gin Gin Lys Pro Gly Gin 
50 55 60 

Ser Pro Lys Leu Leu He Tyr Ser Ala Ser Asp Arg Tyr Thr Gly Val 
65 ^ 70 75 80 

Pro Asp Arg Phe Thr Gly Ser Gly Ser Gly Thr Asp Phe Thr Phe Thr 
85 90 95 

He Ser Ser Val Gin Ala Glu Asp Leu Ala Val Tyr Tyr Cys His Gin 
100 105 110 

His Tyr He Thr Pro Arg Thr Phe Gly Gly Gly Thr Lys Leu Glu He 
115 120 125 

Lys Gly Ser Thr Ser Gly Ser Gly Lys Ser Ser Glu Gly Lys Gly Gin 
130 135 140 

Val Gin Leu Gin Gin Ser Gly Ala Glu Val Met Arg Pro Gly Ala Ser 
145 150 155 160 

Val Lys He Ser Cys Lys Ala Thr Gly Tyr Thr Phe Thr Arg Tyr Tyr 
165 170 175 
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He Gin Trp Gly Lys Asn Arg Pro Gly His Gly Leu Glu Trp lie Gly 
180 185 190 

Glu He Leu Pro Gly Thr Leu Thr Asn Tyr Asn Glu Lys Phe Lys Gly 
195 ^ 200 205 

Lys Ala Ala Phe Thr Ala Asp Arg Ser Ser Asn Thr Ala Tyr Met Gin 
210 215 220 

Leu Ser Ser Leu Thr Ser Glu Asp Ser Ala Val Tyr Tyr Cys Ala Arg 
225 230 235 240 

Asp Gly Pro Trp Phe Ala Tyr Trp Gly Gin Gly Thr Leu Val Thr Val 
245 , 250 255 

Ser Ala Ala Asp Leu Ser Asn Ser He Met Tyr Phe Ser His Phe Val 
260 265 270 

Pro Val Phe Leu Pro Ala Lys Pro Thr Thr Thr Pro Ala Pro Arg Pro 
275 280 285 

Pro Thr Pro Ala Pro Thr He Ala Ser Gin Pro Leu Ser Leu Arg Pro 
290 295 300 

Glu Ala Cys Arg Pro Ala Ala Gly Gly Ala Val His Thr Arg Gly Leu 
305 310 315 320 



Asp Phe Ala Asp Pro Gin Val Gin Leu Gin Gin Ser Gly Ala Glu Leu 
325 330 335 



Ala Arg Pro Gly Ala Ser Val Lys Met Ser Cys Lys Ala Ser Gly Tyr 
340 345 350 



Thr Phe Thr Arg Tyr Thr Met His Trp Val Lys Gin Arg Pro Gly Gin 
355 360 365 



Gly Leu Glu Trp He Gly Tyr He Asn Pro Ser Arg Gly Tyr Thr Asn 
370 375 380 



Tyr Asn Gin Lys Phe Lys Asp - Lys Ala Thr Leu Thr Thr Asp Lys Ser 
385 390 395 400 



Ser Ser Thr Ala Tyr Met Gin Leu Ser Ser Leu Thr Ser Glu Asp Ser 
405 410 415 



Ala Val Tyr Tyr Cys Ala Arg Tyr Tyr Asp Asp His Tyr Cys Leu Asp 
420 425 430 
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Tyr Trp Gly Gin Gly Thr Thr Leu Thr Val Ser Ser Gly Ser Thr Ser 
435 440 445 

Gly Ser Gly Lys Ser Ser Glu Gly Lys Gly Gin Val Leu Gin lie Val 
450 455 460 

Leu Thr Gin Ser Pro Ala lie Met Ser Ala Ser Pro Gly Glu Lys Val 
465 470 475 " 480 

Thr Met Thr Cys Ser Ala Ser Ser Ser Val Ser Tyr Met Asn Trp Tyr 
485 490 495 

Gin Gin Lys Ser Gly Thr Ser Pro Lys Arg Trp lie Tyr Asp Thr Ser 
500 505 510 

Lys Leu Ala Ser Gly Val Pro Ala His Phe Arg Gly Ser Gly Ser Gly 
515 520 525 

Thr Ser Tyr Ser Leu Thr lie Ser Gly Met Glu Ala Glu Asp Ala Ala 
530 535 540 

Thr Tyr Tyr Cys Gin Gin Trp Ser Ser Asn Pro Phe Thr Phe Gly Ser 
545 * 550 555 560 

Gly Thr Lys Leu Glu lie Asn Arg His His His His His His 
565 570 

<210> 5 
<211> 2606 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Alternative Protein Sequence of pGlEN-EH3 .His (E3 -Bi and Vector) 
<400> 5 

Ser Pro Gin Pro Leu Thr Arg Arg Ala Ser Leu Pro lie Asp Cys Val 
15 10 15 

Ala Arg Val Pro Val Phe Pro lie Lys Pro Leu Ala Val Cys lie Arg 
20 25 30 

lie Val Val Ser Leu Phe Leu Gly Arg Val Ser Ser Glu Leu Thr Thr 
35 40 ' 45 

His Asp Gly Gly Leu Ser Phe Gly Gly Ser Ser Gly lie Trp Arg Pro 
50 55 60 

Leu Pro Arg Asp His Arg Pro Thr Thr Gly Arg Ala Gly Gin Gin Pro 
65 ~ 70 75 80 
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lie Cys Val Cys Pro lie Val Cys Leu Cys Leu Met Leu Cys Ala Cys 
85 90 95 



Val Cys Thr Ser Leu Thr Ser Ser Val Ser Gly Gly Pro Val Val Glu 
100 105 110 



Leu Thr Ser Ser Glu His Pro Ala Ala Thr Gin Gly Asp Val Pro Gly 
115 120 125 



Thr Leu Gly Ala Val Phe Val Ala Arg Pro Glu Glu Gly Ser Arg Cys 
130 135 140 



Gly lie Arg Pro Arg Gin Asp Met Trp Phe Trp Glu Thr Arg Thr Asn 
145 150 * 155 160 



Ser Ser Arg Leu Arg Leu Asn Phe Cys Phe Arg Phe Gly Thr Glu Ala 
165 170 175 



Ala Arg Leu Val Cys Cys Ser lie Val Leu Cys Cys Leu Cys Leu Thr 
180 185 190 



Val Phe Leu Tyr Leu Ser Glu Asn Gly Gin Thr Val Thr Thr Pro Leu 
195 200 205 

Ser Leu Thr Leu Gly His Trp Lys Asp Val Glu Arg lie Ala His Asn 
210 " 215 220 

Gin Ser Val Asp Val Lys Lys Arg Arg Trp Val Thr Phe Cys Ser Ala 
225 230 235 240 

Glu Trp Pro Thr Phe Asn Val Gly Trp Pro Arg Asp Gly Thr Phe Asn 
245 250 255 

Arg Asp Leu lie Thr Gin Val Lys lie Lys Val Phe Ser Pro Gly Pro 
260 265 270 

His Gly His Pro Asp Gin Val Pro Tyr lie Val Thr Trp Glu Ala Leu 
275 ^ 280 285 

Ala Phe Asp Pro Pro Pro Trp Val Lys Pro Phe Val His Pro Lys Pro 
290 295 300 

Pro Pro Pro Leu Pro Pro Ser Ala Pro Ser Leu Pro Leu Glu Pro Pro 
305 310 315 320 

Arg Ser Thr Pro Pro Arg Ser Ser Leu Tyr Pro Ala Leu Thr Pro Ser 
325 330 335 
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Leu Gly Ala Gly lie Arg Gly Arg Asp Lys Ser Tyr Gin Pro Leu Ser 
340 345 350 

Pro Ser Ser Leu Thr Gly Ser Leu Leu Ser Pro Ala Arg Ser Leu Glu 
355 360 365 

Thr Ser Gly Gly Ser Leu Pro Arg Thr Thr Gly Pro Thr Gly Gly Thr 
370 375 380 

Ser Pro Leu Pro Ser Arg Arg His Ser Val Gly Pro Pro Thr Pro Asp 
385 390 395 400 

Glu Pro Arg Thr Ser Leu Glu Arg Thr Leu His Ser Pro Ala Asp His 
405 410 415 

Pro His Arg Pro Gin Ser Arg Arg His Arg Ser Leu Asp Thr Arg Arg 
420 425 430 

Pro Arg Glu Gly Cys Arg Pro Arg Gly Trp Thr He Ser Arg Leu Thr 
435 ~ 440 445 

Arg Pro Leu Arg Thr Met Asp Phe Gin Val Gin He Phe Ser Phe Leu 
450 ' 455 460 

Leu He Ser Ala Ser Val He Met Ser Arg Gly Ser He Val Met Thr 
465 470 475 480 

Gin Ser His Lys Phe Met Ser Thr Ser Val Gly Asp Ser Val Ser He 
485 490 495 

Thr Cys Lys Ala Ser Gin Asp Val Ser Thr Ala Val Ala Trp Tyr Gin 
500 505 510 

Gin Lys Pro Gly Gin Ser Pro Lys Leu Leu He Tyr Ser Ala Ser Asp 
515 520 525 

Arg Tyr Thr Gly Val Pro Asp Arg Phe Thr Gly Ser Gly Ser Gly Thr 
530 535 540 

Asp Phe Thr Phe Thr He Ser Ser Val Gin Ala Glu Asp Leu Ala Val 
545 550 555 560 

Tyr Tyr Cys His Gin His Tyr He Thr Pro Arg Thr Phe Gly Gly Gly 
565 570 575 



Thr Lys Leu Glu He Lys Gly Ser Thr Ser Gly Ser Gly Lys Ser Ser 
580 ~ ~ 585 590 
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Glu Gly Lys Gly Gin Val Gin Leu Gin Gin Ser Gly Ala Glu Val Met 
595 600 605 



Arg Pro Gly Ala Ser Val Lys lie Ser Cys Lys Ala Thr Gly Tyr Thr 
610 615 620 



Phe Thr Arg Tyr Tyr lie Gin Trp Gly Lys Asn Arg Pro Gly His Gly 
625 630 635 640 



Leu Glu Trp lie Gly Glu lie Leu Pro Gly Thr Leu Thr Asn Tyr Asn 
645 650 655 



Glu Lys Phe Lys Gly Lys Ala Ala Phe Thr Ala Asp Arg Ser Ser Asn 
660 665 670 



Thr Ala Tyr Met Gin Leu Ser Ser Leu Thr Ser Glu Asp Ser Ala Val 
675 680 685 



Tyr Tyr Cys Ala Arg Asp Gly Pro Trp Phe Ala Tyr Trp Gly Gin Gly 
690 ~ 695 700 

Thr Leu Val Thr Val Ser Ala Ala Asp Leu Ser Asn Ser lie Met Tyr 
705 710 715 720 



Phe Ser His Phe Val Pro Val Phe Leu Pro Ala Lys Pro Thr Thr Thr 
725 730 735 

Pro Ala Pro Arg Pro Pro Thr Pro Ala Pro Thr lie Ala Ser Gin Pro 
740 745 750 

Leu Ser Leu Arg Pro Glu Ala Cys Arg Pro Ala Ala Gly Gly Ala Val 
755 760 765 

His Thr Arg Gly Leu Asp Phe Ala Asp Pro Gin Val Gin Leu Gin Gin 
770 775 780 

Ser Gly Ala Glu Leu Ala Arg Pro Gly Ala Ser Val Lys Met Ser Cys 
785 ' 790 795 800 

Lys Ala Ser Gly Tyr Thr Phe Thr Arg Tyr Thr Met His Trp Val Lys 
805 810 815 

Gin Arg Pro Gly Gin Gly Leu Glu Trp lie Gly Tyr lie Asn Pro Ser 
82 0 825 830 

Arg Gly Tyr Thr Asn Tyr Asn Gin Lys Phe Lys Asp Lys Ala Thr Leu 
835 840 845 

Thr Thr Asp Lys Ser Ser Ser Thr Ala Tyr Met Gin Leu Ser Ser Leu 
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Thr Ser Glu Asp Ser Ala Val Tyr Tyr Cys Ala Arg Tyr Tyr Asp Asp 
865 870 875 " 880 

His Tyr Cys Leu Asp Tyr Trp Gly Gin Gly Thr Thr Leu Thr Val Ser 
885 890 895 

Ser Gly Ser Thr Ser Gly Ser Gly Lys Ser Ser Glu Gly Lys Gly Gin 
900 905 910 

Val Gin Gin lie Val Leu Thr Gin Ser Pro Ala lie Met Ser Ala Ser 
915 920 • 925 

Pro Gly Glu Lys Val Thr Met Thr Cys Ser Ala Ser Ser Ser Val Ser 
930 935 940 

Tyr Met Asn Trp Tyr Gin Gin Lys Ser Gly Thr Ser Pro Lys Arg Trp 
945 950 955 960 

lie Tyr Asp Thr Ser Lys Leu Ala Ser Gly Val Pro Ala His Phe Arg 
965 " 970 975 

Gly Ser Gly Ser Gly Thr Ser Tyr Ser Leu Thr lie Ser Gly Met Glu 
980 985 990 

Ala Glu Asp Ala Ala Thr Tyr Tyr Cys Gin Gin Trp Ser Ser Asn Pro 
995 1000 1005 

Phe Thr Phe Gly Ser Gly Thr Lys Leu Glu lie Asn Arg His His 
1010 1015 1020 

His His His His Thr Arg Gly Ser lie Pro Pro Leu Ser Leu Pro 
1025 1030 1035 

Pro Pro Arg Tyr Trp Pro Lys Pro Leu Gly lie Arg Pro Val Cys 
1040 1045 1050 

Val Cys Leu Tyr Val lie Phe His His He Ala Val Phe Trp Gin 
1055 1060 1065 

Cys Glu Gly Pro Glu Thr Trp Pro Cys Leu Leu Asp Glu His Ser 
1070 1075 1080 

Gly Ser Phe Pro Ser Arg Gin Arg Asn Ala Arg Ser Val Glu Cys 
1085 1090 1095 

Arg Glu Gly Ser Ser Ser Ser Gly Ser Phe Leu Lys Thr Asn Asn 
1100 1105 1110 
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Val Cys Ser Asp Pro Leu Gin Ala Ala Glu Pro Pro Thr Trp Arg 
1115 1120 1125 



Gin Val Pro Leu Arg Pro Lys Ala Thr Cys lie Arg Tyr Thr Cys 
1130 1135 1140 



Lys Gly Gly Thr Thr Pro Val Pro Arg Cys Glu Leu Asp Ser Cys 
1145 1150 1155 



Gly Lys Ser Gin Met Ala Leu Leu Lys Arg lie Gin Gin Gly Ala 
1160 1165 1170 

Glu Gly Cys Pro Glu Gly Thr Pro Leu Tyr Gly He Ser Gly Ala 
1175 1180 • 1185 

Ser Val His Met Leu Tyr Met Cys Leu Val Glu Val Lys Lys Arg 
1190 1195 1200 

Leu Gly Pro Pro Asn His Gly Asp Val Val Phe Leu Lys Thr Arg 
1205 1210 1215 

Tyr His Gly Asn Ser Arg Trp lie Ala Arg Arg Phe Ser Gly Arg 
1220 1225 1230 

Leu Gly Gly Glu Ala He Arg Leu Leu Gly Thr Thr Asp Asn Arg 
1235 1240 1245 

Leu Leu Cys Arg Arg Val Pro Ala Val Ser Ala Gly Ala Pro Gly 
1250 1255 1260 

Ser Phe Cys Gin Asp Arg Pro Val Arg Cys Pro Glu Thr Ala Gly 
1265 1270 1275 

Arg Gly Ser Ala Ala He Val Ala Gly His Asp Gly Arg Ser Leu 
1280 1285 1290 

Arg Ser Cys Ala Arg Arg Cys His Ser Gly Lys Gly Leu Ala Ala 
1295 1300 1305 

He Gly Arg Ser Ala Gly Ala Gly Ser Pro Val lie Ser Pro Cys 
1310 1315 1320 

Ser Cys Arg Glu Ser He His His Gly Cys Asn Ala Ala Ala Ala 
1325 ~* 1330 1335 

Tyr Ala Ser Gly Tyr Leu Pro He Arg Pro Pro Ser Glu Thr Ser 
1340 ~ * 1345 1350 
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His Arg Ala Ser Thr Tyr Ser Asp Gly Ser Arg Ser Cys Arg Ser 
1355 1360 1365 

Gly Ser Gly Arg Arg Ala Ser Gly Ala Arg Ala Ser Arg Thr Val 
1370 1375 1380 

Arg Gin Ala Gin Gly Ala His Ala Arg Arg Arg Gly Ser Arg Arg 
1385 1390 1395 

Asp Pro Trp Arg Cys Leu Leu Ala Glu Tyr His Gly Gly Lys Trp 
1400 "* 1405 1410 

Pro Leu Phe Trp lie His Arg Leu Trp Pro Ala Gly Cys Gly Gly 
1415 1420 1425 

Pro Leu Ser Gly His Ser Val Gly Tyr Pro Tyr Cys Arg Ala Trp 
1430 1435 1440 

Arg Arg Met Gly Pro Leu Pro Arg Ala Leu Arg Tyr Arg Arg Ser 
1445 1450 1455 

Arg Phe Ala Ala His Arg Leu Leu Ser Pro Ser Arg Val Leu Leu 
1460 1465 1470 

Ser Gly Thr Leu Gly lie Arg Asn Lys Arg Phe Tyr Leu Val Ser 
1475 1480 1485 

Arg Lys Arg Gly Glu Lys Thr Pro Pro Val Gly Leu Ala Ser Leu 
1490 1495 1500 

Lys Arg His Phe Ala Arg His Gly Lys lie His Asn Glu Arg Ser 
1505 1510 1515 

Ser Asp Gin Gly Gin Glu Gin Met Glu Gin Leu Asn Met Gly Gin 
1520 1525 1530 

Thr Gly Tyr Leu Trp Ala Val Pro Ala Pro Ala Gin Gly Gin Glu 
1535 1540 1545 

Gin Met Glu Gin Leu Asn Met Gly Gin Thr Gly Tyr Leu Trp Ala 
1550 1555 1560 

Val Pro Ala Pro Ala Gin Gly Gin Glu Gin Met Val Pro Arg Cys 
1565 . 1570 1575 

Gly Pro Ala Leu Ser Ser Phe Arg Thr lie Arg Cys Phe Gin Gly 
1580 1585 1590 
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Ala Pro Arg Thr Asn Asp Pro Val Pro Tyr Leu Asn Pro He Ser 
1595 1600 1605 

Ser Leu Leu Ala Ser Val Arg Ala Leu Leu Leu Pro Glu Leu Asn 
1610 1615 1620 

Lys Arg Ala His Asn Pro Ser Leu Gly Ala Pro Val Leu Arg Leu 
1625 1630 1635 

Thr Glu Ser Pro Gly Tyr Pro Cys He Gin Thr Leu Leu Gin Leu 
1640 1645 1650 

His Pro Thr Cys Gly Leu Ala Val Pro Trp Glu Gly Leu Leu Val 
1655 1660 " 1665 

He Asp Tyr Pro Ser Ala Gly Val Phe His Leu Gly Ala Arg Pro 
1670 1675 * . 1680 

Gly Ser Gly Asp Pro Cys Pro Gly Thr Thr Asp Pro Pro Pro Gly 
1685 1690 1695 



Gly Lys Leu Ala Ala Ser Arg Val Ser Val Met Thr Val Lys Thr 
1700 1705 1710 



Ser Asp Thr Cys Ser Ser Arg Arg Arg Ser Gin Leu Val Cys Lys 
1715 1720 1725 



Arg Met Pro Gly Ala Asp Lys Pro Val Arg Ala Arg Gin Arg Val 
1730 1735 1740 



Leu Ala Gly Val Gly Ala Gin Pro Pro Ser His Val Ala He Ala 
1745 1750 1755 



Glu Cys He Leu Ala Leu Cys Gly He Arg Ala Asp Cys Thr Glu 
1760 1765 1770 



Ser Ala Pro Tyr Ala Val Asn Thr Ala Gin Met Arg Lys Glu Lys 
1775 1780 1785 



He Pro His Gin Ala Leu Phe Arg Phe Leu Ala His Leu Ala Ala 

1790 1795 1800 

Leu Gly Arg Ser Ala Ala Ala Ser Gly He Ser Ser Leu Lys Gly 

1805 1810 1815 

Gly Asn Thr Val He His Arg He Arg Gly Arg Arg Lys Glu His 

1820 1825 1830 

Val Ser Lys Arg Pro Ala Lys Gly Gin Glu Pro Lys Gly Arg Val 
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1835 1840 1845 

Ala Gly Val Phe Pro Ala Pro Pro Pro Arg Ala Ser Gin Lys Ser 
1850 1855 I860 

Thr Leu Lys Ser Glu Val Ala Lys Pro Asp Arg Thr lie Lys lie 
1865 1870 " 1875 

Pro Gly Val Ser Pro Trp Lys Leu Pro Arg Ala Leu Ser Cys Ser 
1880 1885 1890 

Asp Pro Ala Ala Tyr Arg lie Pro Val Arg Leu Ser Pro Phe Gly 
1895 1900 1905 

Lys Arg Gly Ala Phe Ser Met Leu Thr Leu Val Ser Gin Phe Gly 
1910 1915 1920 

Val Gly Arg Ser Leu Gin Ala Gly Leu Cys Ala Arg Thr Pro Arg 
1925 "* 1930 1935 

Ser Ala Arg Pro Leu Arg Leu lie Arg Leu Ser Ser Val Gin Pro 
1940 1945 1950 

Gly Lys Thr Arg Leu lie Ala Thr Gly Ser Ser His Trp Gin Asp 
1955 1960 1965 

Gin Ser Glu Val Cys Arg Arg Cys Tyr Arg Val Leu Glu Val Val 
1970 1975 " * 1980 

Ala Leu Arg Leu His Lys Asp Ser lie Trp Tyr Leu Arg Ser Ala 
1985 1990 1995 

Glu Ala Ser Tyr Leu Arg Lys Lys Ser Trp Leu Leu lie Arg Gin 
2000 2005 2010 

Thr Asn His Arg Trp Arg Trp Phe Phe Cys Leu Gin Ala Ala Asp 
2015 ~ * 2020 * 2025 

Tyr Ala Gin Lys Lys Arg lie Ser Arg Arg Ser Phe Asp Leu Phe 
2030 2035 2040 

Tyr Gly Val Arg Ser Val Glu Arg Lys Leu Thr Leu Arg Asp Phe 
2045 ~ 2050 2055 

Gly His Glu lie lie Lys Lys Asp Leu His Leu Asp Pro Phe Lys 
2060 2065 2070 

Leu Lys Met Lys Phe lie Asn Leu Lys Tyr lie Val Asn Leu Val 
2075 2080 2085 
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Gin Leu Pro Met Leu Asn Gin Gly Thr Tyr Leu Ser Asp Leu Ser 
2090 2095 2100 



He Ser Phe He His Ser Cys Leu Thr Pro Arg Arg Val Asp Asn 
2105 2110 2115 



Tyr Asp Thr Gly Gly Leu Thr lie Trp Pro Gin Cys Cys Asn Asp 
2120 2125 2130 



Thr Ala Arg Pro Thr Leu Thr Gly Ser Arg Phe He Ser Asn Lys 
2135 2140 2145 



Pro Ala Ser Arg Lys Gly Arg Ala Gin Lys Trp Ser Cys Asn Phe 
2150 2155 2160 



He Arg Leu His Pro Val Tyr Leu Leu Pro Gly Ser Ser Lys Phe 
2165 2170 2175 



Ala Ser Phe Ala Gin Arg Cys Cys His Cys Cys Arg His Arg Gly 
2180 2185 * 2190 



Val Thr Leu Val Val Trp Tyr Gly Phe He Gin Leu Arg Phe Pro 
2195 2200 2205 



Thr He Lys Ala Ser Tyr Met He Pro His Val Val Gin Lys Ser 
2210 2215 2220 



Gly Leu Leu Arg Ser Ser Asp Arg Cys Gin Lys Val Gly Arg Ser 
2225 2230 2235 



Val He Thr His Gly Tyr Gly Ser Thr Ala Phe Ser Tyr Cys His 
2240 2245 2250 



Ala He Arg Lys Met Leu Phe Cys Asp Trp Val Leu Asn Gin Val 
2255 2260 2265 



He Leu Arg He Val Tyr Ala Ala Thr Glu Leu Leu Leu Pro Gly 
2270 " 2275 2280 



Val Asn Thr Gly Tyr Arg Ala Thr Gin Asn Phe Lys Ser Ala His 
2285 " 2290 2295 



His Trp Lys Thr Phe Phe Gly Ala Lys Thr Leu Lys Asp Leu Thr 
2300 2305 2310 



Ala Val Glu lie Gin Phe Asp Val Thr His Ser Cys Thr Gin Leu 
2315 2320 2325 
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lie Phe Ser He Phe Tyr Phe His Gin Arg Phe Trp Val Ser Lys 

2330 2335 2340 

Asn Arg Lys Ala Lys Cys Arg Lys Lys Gly Asn Lys Gly Asp Thr 

2345 2350 2355 

Glu Met Leu Asn Thr His Thr Leu Pro Phe Ser He Leu Leu Lys 

2360 2365 2370 

His Leu " Ser Gly Leu Leu Ser His Glu Arg He His He Met Tyr 

2375 2380 2385 

Leu Glu Lys Thr Asn Arg Gly Ser Ala His He Ser Pro Lys Ser 

2390 2395 2400 

Ala Thr Arg Leu Arg Asn His Tyr Tyr His Asp He Asn Leu Lys 

2405 2410 2415 

Ala Tyr His Glu Ala Leu Ser Ser Ser Arg He His Thr Arg Ser 

2420 2425 2430 

Pro Lys Thr Val Leu Gin Met Cys Pro Pro His Thr Pro Lys Phe 

2435 2440 2445 

Ala Gly Phe Cys Ser Thr Thr Leu Pro Tyr Ser Pro His Ser Pro 

2450 2455 2460 

Glu Pro Lys Pro Arg Pro Phe Arg Phe Phe Ala Phe Glu Arg Pro 

2465 2470 2475 

His Pro Val Ala Ser Leu Lys Arg His Phe Ala Arg His Gly Lys 

2480 2485 2490 



He His Asn Glu Glu Ser Ser Asp Gin Gly Gin Glu Gin Arg Asn 
2495 2500 2505 



Ser He Pro Asn Arg He Ser Val Val Ser Gly Ser Cys Pro Gly 
2510 2515 2520 



Ser Gly Pro Arg Thr Asp Glu Thr Ala Glu Trp Ala Lys Gin Asp 
2525 2530 2535 



He Cys Gly Lys Gin Phe Leu Pro Arg Leu Gly Ala Lys Asn Arg 
2540 2545 2550 



Trp Ser Pro Asp Ala Val Gin Pro Ser Ala Val Ser Ser Glu Ser 
2555 2560 2565 
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Ser Asp Val Ser Arg Val Pro Gin Gly Pro Glu Asn Asp Pro Val 
2570 2575 2580 



Pro Tyr Leu Asn Pro lie Ser Ser Leu Leu Ala Ser Val Arg Ala 
2585 2590 2595 



Leu Pro Leu Ser Glu Leu Asn Lys 
2600 2605 
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